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Studies on Urolithiasis. 11. The Control by 
Force Feeding Sodium Chloride 


R. H. UDALL, D.V.M., Ph.D. 
Fort Collins, Colorado 


A NUMBER of rations have been described 
which have resulted in the production of 
urinary caleuli and its clinical manifesta- 
tion, called ‘‘ waterbelly.’’ In general, phos- 
phorus has been most frequently considered 
as the cause,*:* although cottonseed meal 
has been implicated without reference to 
its phosphorus content.* It is apparent that 
hypotheses about the causative agents, 
based on the mineral components of the 
ration and the resulting changes in the 
excretion of these materials in the urine, 
have not led to useful results in the control 
of the disorder.‘ 

It has been reported that the feeding of 
milo increases the amounts of calculi that 
can be recovered from the bladders of steers 
as compared with steers fed corn.1:5 

The use of force-fed sodium chloride has 
been reported to successfully control the 
incidence of calculi in fattening lambs.? A 
level of 10 per cent of the total dry matter 
was used and the whole ration was pelleted, 
which insured the consumption of the re- 
quired amount of salt. 

Reports on waterbelly indicate that it 
occurs most frequently during the winter 
months, and ranchers report that it ap- 
pears to be associated with storms and 
shifts in the temperature. This observation 
has only rarely been mentioned in the 
literature.” 


EXPERIMENTAL PROCEDURE 


It was proposed in this experiment to determine 
the effect of sex, type of concentrate fed, and the 


From the College of Veterinary Medicine and the Agri- 
cultural Experiment Station, Colorado State University, 
Fort Collins. 


foree feeding of sodium chloride on the incidence 
of urinary calculi. 

The design was a randomized pen feeding trial 
with a factorial arrangement of the treatments: 
males versus females; corn versus milo; and 10 
per cent sodium chloride versus no sodium chloride, 
force fed in a pelleted ration. Ninety-six lambs, 
half wethers and half ewes, were randomly placed 
in four lots of 12 males and 12 females each. The 
feed (table 1) was continuously available in self 


TABLE i—Feed Composition of the Different 


Rations 

No NaCl 10% NaCl 

Corn Milo Corn Miio 

Ingredient (%) (%) (%) (%) 
Corn 
Cottonseed meal 6.0 6.0 6.0 6.0 
Molasses 8.0 8.0 8.0 8.0 
Ground alfalfa 20.0 20.0 20.0 20.0 
Sugar 10.0 

ANALYTICAL COMPOSITION 

Moisture (%) 7.5 8.4 9.4 8.6 
Protein (%) 12.4 12.9 11.5 12.6 
Carotene (mg./lb.) 2.3 2.8 2.8 2.8 
Ash (%) 3.7 3.7 13.5 13.7 

Calcium (%) 0.34 0.34 0.42 0.37 

Phosphorus ( %) 0.32 0.33 0.22 0.32 


feeders, The feeding period started on Jan. 14, 
1957, and the lambs were slaughtered on April 30, 
after 106 days on feed. At slaughter, the urinary 
bladders and kidneys were recovered and subse- 
quently examined for ecaleuli. The bladders were 
opened over a black photographie tray and washed 
to determine whether caleuli were present. The 
kidneys were sliced in half longitudinally, the 
major and minor calyees opened to the surface 
with scissors and washed into a black photographic 
tray to recover any caleuli present. Usually, the 
amount recovered from a pair of kidneys was too 
small to weigh, so all renal caleuli were dissolved 
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in hydrochlorie acid, made up to known volumes, 
and the total amount of phosphorus present deter- 
mined as a quantitative measure of the relative 
amount of ecaleuli recovered from each pair of 
kidneys. 

Lambs that showed signs of urethral obstruc- 
tions during the feeding period were euthanatized 
so that a positive diagnosis could be made. 


RESULTS AND DISCUSSION 


The results of the trial, using the occur- 
rence of calculi in the urinary tract to 
measure the effect of the treatments, are 
summarized (table 2). In order to increase 


mation of caleuli by forcing the animals 
to drink large quantities of water, which 
in turn resulted in the excretion of large 
volumes of urine. The large volume of urine 
would result in a dilution of those com- 
ponents which, it has been hypothesized,’ 
promote the deposition of minerals as cal- 
culus material under conditions of a higher 
concentration, provided the total daily ex- 
cretion was not affected by the ration. 
There was no evidence in this trial that the 
10 per cent level of sodium chloride had 
any effect upon the weight gain, dressing 


TABLE 2—The Effects of Sex and Dietary Factors on the Incidence of Calculosis in Lambs 


No NaCl 
Corn 
Item M F M 
Deaths 2 0 5 
Bladder calculi 0 0 2 
No. kidney pairs 
containing calculi 4 9 8 
Total phosphorus (mg). 
in renal calculi 6.1 5.8 3.4 
Av. total gain (Ib.) 52.1 42.4 51.3 
Dressing percentage 51.7 50.7 52.4 
Lb. feed/Ib. gain 7.5 
21 


No choice carcasses 

the precision of measurement, the incidence 
of bladder calculi was combined with the 
deaths resulting from waterbelly in com- 
paring the effects of the dietary factor, 
corn versus milo, since the presence of cal- 
euli in the bladder imposed a high proba- 
bility of obstruction of the urethra if they 
were carried out during urination. 

There were no deaths and no bladder 
nor renal calculi among the 48 lambs fed 10 
per cent sodium chloride in the ration, as 
compared to 5 deaths, two bladders contain- 
ing appreciable quantities of calculi, and a 
52 per cent incide.ice of renal calculi among 
the 48 lambs given no salt. It seems reason- 
able to hypothesize that the use of 10 per 
cent sodium chloride prevented the forma- 


TABLE 3—Comparison of Amounts of Bladder 
Calculi Recovered from Lambs when Fed Milo or 


Corn 
Date Bladder 
eutha- Ration calculi 
Animal No. natized (no salt) (Gm.) 
526 3/12/57 milo 0.61 
257 3/19/57 corn 1.50 
277 4/10/57 milo 0.74 
255 4/11/57 milo lost* 
527 4/14/57 milo 1.64 
285 4/15/57 corn 0.05 
233 4/19/57 milo 1.12 


* Bladder ruptured before euthanasia. 


10% NaCl 
Milo Corn Milo 
F M F M 
0 0 0 0 0 
0 0 0 0 0 
6 0 0 0 0 
1.7 0.0 0.0 0.0 0.0 
39.6 50.3 45.8 49.4 42.9 
50.9 49.9 49.6 50.9 50.7 
9.8 7.3 7.7 
17 22 22 


percentage, feed efficiency, or carcass grade 
as shown by statistical analysis of these 
data. 

Using chi square to compare the effects 
of milo with corn as sources of concen- 
trates, there was a significantly higher in- 
cidence (P<0.02) of deaths and bladder 
calculi associated with the milo feeding, 
though there was no difference in the 
amounts of renal calculi between the two 
grains. This raises the question of the rela- 
tion between renal calculi and bladder cal- 
culi, and whether bladder calculi are formed 
locally or whether they are stones shed by 
the kidneys. Since the incidence of deaths 
and bladder caleuli was significantly dif- 
ferent in the sheep fed the two grains, 
whereas there was no difference in the in- 
cidence of renal calculi, it is probable that 
under most conditions large amounts of 
caleuli form in the bladder and are car- 
ried into the urethra, where they lodge 
and form obstructions. This does not 
preclude the possibility of renal calculi 
ultimately causing an obstruction of the 
urethra. Substantial amounts of small 
sand-like calculi were found in the bladder 
(table 3) of most of the lambs dying from 
waterbelly, which indicates that the stones 
formed rapidly in the urine in the bladder, 
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following the imposition of some additional 
stress which brought about conditions fa- 
vorable for mineral deposition. Five of the 
7 lambs were euthanatized between April 
10 and 19 (table 3), immediately following 
a severe spring snow storm on April 9, 
accompanied by cold weather which con- 
tinued until April 16. This emphasizes the 
relationship between the occurrence of cal- 
culi, with obstruction of the urethra, and 
the incidence of weather stress. It leads to 
the postulation that cold weather probably 
induces a diuresis accompanied by a re- 
duced water intake, followed by dehydra- 
tion and excretion of a more concentrated 
urine. A more concentrated urine would 
appear to favor mineral deposition, for the 
mechanism which has been postulated to 
promote mineral deposition ® would then 
oceur in greater concentrations. 

The incidence of calculi in the kidneys 
was the same for males and females, indi- 
eating no difference between sexes, and 
that there is no direct association of endo- 
erine secretions and calculous formation. 


SUMMARY 


The force feeding of 10 per cent sodium 
chloride as an integral part of a pelleted 
ration prevented the formation of both 
bladder and renal ecaleuli. It was postu- 
lated that the increased water consumption 
necessitated by the salt resulted in the ex- 
cretion of a more dilute urine with respect 


to a mechanism promoting mineral deposi- 
tion, thus preventing calculous formation. 

There was a higher incidence of clinical 
urolithiasis with the feeding of milo than 
with corn, but no difference in the amounts 
of renal caleuli. 

There was no difference between males 
and females in the amounts of renal calculi. 

The death of 5 of the 7 lambs from 
clinical urolithiasis immediately following 
a severe spring snow storm indicated that 
climatic stress may be an important causa- 
tive factor in clinical urolithiasis. 
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Studies on Urolithiasis. IV. The Effects of the Ration on the 
Predisposition as Measured by the Urinary Mucoproteins 


R. H. UDALL, D.V.M., Ph.D. 
Fort Collins, Colorado 


THE NUMEROUS HYPOTHESES which have 
been advanced to explain the mechanism 
of urinary calculus formation have been 
summarized by Randall.!° Most of them 
have been developed around the concept 
that dietary minerals or mineral imbal- 
ances lead to a change in the mineral struc- 
ture of the urine and, thence, to deposition 
of the minerals as crystals in the kidneys 
or bladder. Such a concept of ecrystalliza- 
tion lacks a counterpart in other tissues. 

Recently, Howard ° proposed the hypothesis that 
a mucoprotein matrix is required as a structural 
foundation for mineral deposition in the urinary 
tract. A similar mechanism is responsible for the 
mineralization of the skeleton." A body of evi- 
dence that there is an inerease in the urinary 
mucoproteins in human beings with calculous dis- 
ease has been reported by Boyee et al.,”* and they 
have established the existence of a mucoprotein 
matrix as part of the structure of a urinary 
ealeulus.* 

Udall et al.” demonstrated that the caleuli from 
steers fed fattening rations contained 3 to 4 per 
eent protein and contained hexosamine, indicative 
of a mucoprotein matrix. This work also indicated 
that mineral imbalances do not play a significant 
role in the incidence of caleulous disease, but that 
the feeding of a high concentrate ration increased 
the predisposition to ealeulosis as measured by 
the amounts of mucoproteins in the urine. Several 
reports *” have indicated that certain grains, such 
as corn and milo, used commonly in fattening 
rations, have different effects on the occurrence 
of ealeulous disease. 


MATERIALS AND METHODS 


This trial was designed as a study of the effects 
of certain rations on the pattern of excretion of 
the urinary mucoproteins. Rations 1, 2, and 3 
were identical with those used for a large-scale 
feeding trial,“ during which there were signifi- 
eant differences in the incidence of clinical uro- 
lithiasis or ‘‘waterbelly’’ attributable to these 
rations. The trial was carried out in five succes- 
sive periods. During the first three periods of 24 
days each, rations 1 through 3 (table 1) were fed, 
in that order. Rations 1 and 2 had been shown to 
induce appreciable waterbelly, while neither clini- 


From the Oollege of Veterinary’ Médicine and the Agri- 
cultural Experiment Station, Colorado State University, 
Fort Collins. 


eal urolithiasis nor renal caleuli occurred when 
lambs were fed ration 3.” During the fourth 
period of 24 days, the lambs were fed chopped, 
sun-cured alfalfa hay to determine the effect of a 
legume roughage on the urinary mucoproteins. In 
the fifth period of ten days, the lambs were shifted 
back to a concentrated feed by increasing the 
proportion of concentrate by 2 oz. daily, and de- 
creasing the roughage proportionally to obtain 
the correlation between increasing amounts of 
concentrates and the mucoproteins in the urine. 


TABLE i—Feed Composition of the Different 


Rations 
Period 1 Period 2 Peried 3 
(corn) (milo) (milo/salt) 
Corn 56 eid cove 
Milo 56 56 
Cottonseed meal 6 6 6 
Molasses fad 8 8 
Ground alfalfa 20 20 20 
Sugar 10 10 ee 
Salt 10 
ANALYTICAL COMPOSITION 
Moisture (%) 7.5 8.4 8.6 
Protein (%) 12.4 12.9 12.6 
Carotene (mg./Ib.) 2.3 2.8 2.8 
Ash (%) 3.7 3.7 13.7 
Calcium (%) 0.34 0.34 0.37 
32 0.33 0.32 


Phosphorus ( %) 0.3% 


Six wether lambs were maintained in metabolism 
cages which permitted the collection of consecu- 
tive 24-hour urine samples. In order to reduce 
contamination of the urine, fecal collection sacks 
were used, and the urine was passed through 
gauze in a Buchner funnel interposed between the 
collection pan and the collection bottle which con- 
tained a small amount of toluene to preserve the 
urine. The total volume was measured daily, and 
a composite of proportional aliquots of three daily 
samples was frozen for subsequent analysis. 

Chemical analyses of the composite samples 
were made on the phosphotungstie acid-precipi- 
table material for hexosamine by the Elsdon- 
Morgan reaction® and for nitrogen by a micro- 
Kjeldahl method. The hexosamine was measured 
as an estimate of the mucopolysaccharide moiety 
and nitrogen as an estimate of the protein moiety 
of the mucoprotein complex. As stated in an earlier 
paper,” the hypothesis has been used that the 
urinary mucoproteins measure the degree of pre- 
disposition to ealeulous disease. 
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TABLE 2—Effects of the Dietary Factors on the Composition of the Urine in Lambs 


Protein-bound hexosamine 


Protein nitrogen 


Total urine Concen- Total Concen- Total 
Feeding No. volume tration excretion tration excretion 
period days Ration (ml. /24 hr.) (ag./ml.) (mg./24 hr.) (ug./ml.) (mg./24 hr.) 
1 24 Corn 624.0 35.2 21.1 373.0 221.0 
2 24 Milo 650.0 40.3 25.7 341.0 224.0 
3 24 Milo/salt 5,511.0 4.4 23.6 36.8 220.0 
4 24 Alfalfa 1,142.0 23.8 26.2 204.1 220.0 


CORRELATIONS OF THE SHIFT FROM ROUGHAGE TO CONCENTRATES 


Protein-bound hexosamine with the 
increasing concentrates, +-0.53 


5 10 


Nitrogen concentration with the 
increasing concentrates. —0.15 


RESULTS 

During the period of feeding of the milo 
ration, 1 lamb abruptly ceased urinating 
and, after euthanasia, was fonnd to have 
the urethra obstructed with calculi. 

The total daily urine volumes and the 
averages of the urine analyses for the first 
four feeding periods of 24 days each are 
shown (table 2). Both the concentration 
per unit of volume and the total 24-hour 
excretion are given for the protein-bound 
hexosamine and the nitrogen. 

The correlations of the level of concen- 
trate intake with the output of protein- 
bound hexosamine and with the output of 
protein nitrogen are shown (table 2). 

A statistical analysis of the urinary out- 
put data during the first four periods, pre- 
sented in part 1 of table 2, is shown (table 
3). The method of using single degrees of 


freedom to make orthogonal comparisons 
was used in preparing this table, and three 
comparisons were made of each set of data 
for the four dietary treatments. 

The comparisons made for the daily 
urine volumes, the concentration of pro- 
tein-bound hexosamine per unit of volume, 
and the concentration of protein nitrogen 
per unit of volume were, first, a comparison 
of the effect of the 10 per cent NaCl ration 
with the combined average of the other 
three rations to determine the magnitude 
and significance of the changes induced by 
the force feeding of salt. A second com- 
parison was made between the alfalfa ra- 
tion and the combined average of the corn 
and milo rations to determine the magni- 
tude and significance of the use of rough- 
ages as opposed to concentrates. The third 
comparison was between the outputs on the 
two types of concentrates, corn versus milo. 


TABLE 3—Orthogonal Comparisons of Data Presented in Table 2 


ToTAL URINE VOLUME 
Excretion per 24 hours (ml.) 


Quantitative 
effect 


C-1 Aver. vol. on milo/salt ration with aver. vol. of o-her three rations +4,705.0 ml. <.001 
C-2 Aver. vol. on alfalfa ration with aver. vol. of milo and corn rations +505.0 ml. <.001 
C-3 Aver. vol. on milo ration with aver. vol. of corm rations ll caeeeuee n.8 
PROTEIN-BOUND HEXOSAMINE IN URINE 

Concentration per unit of volume (ug./ml.) ; 
C-4 Aver. concen. on milo/salt with aver. concen. on other three rations —28.7 uwg./ml. <.001 
C-5 Aver. concen. on alfalfa with aver. concen. on corn and mi‘o rations —14.9 wg./ml. <.001 
C-6 Aver. concen. on milo with aver. concen. on corn rations +5.1 wg./ml. <.01 
PROTEIN-BOUND HEXOSAMINE IN URINE 

Total excretion per 24 hours (mg./24 hrs.) 
C-7 Aver. excretion on corn ration with the other three rations —4.0 mg./24 hr. <.01 
C-8 Aver. exeretion on alfalfa ration with milo and milo/salt rations (©  ————eeesuees n.8. 
C-9 Aver. excretion on milo with milo/salt rations 
PROTEIN NITROGEN IN URINE 

Concentration per unit of volume (u“g./ml.) 
C-10 Aver. concen. on milo/salt with aver. concen. on other three rations —269.2 wg./ml. <.001 
C-11 Aver. concen. on alfalfa with aver. concen. on corn and milo rations —153.0 wg. /ml. <.001 
©-12 Aver. concen. on milo wi.h aver. concen. on corn rations n.s8 
ToTAL EXCRETION PER 24 Hours 

n.8 


C-13 There were no significant differences among these averages 
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The comparisons made for the total 24- 
hour outputs of hexosamine and nitrogen 
were different. The first comparison was 
between the average output on corn with 
the combined average outputs of the other 
three rations to determine whether the 
total daily excretion on corn was signifi- 
cantly lower. The second comparison was 
between the alfalfa and the two milo ra- 
tions and, finally, a comparison between 
the two rations containing milo was made. 


DISCUSSION 


If it is assumed that phosphotungstic 
acid precipitates the mucoproteins that 
occur in the urine, that the hexosamine 
distinguishes the mucopolysaccharide moi- 
ety, and that the nitrogen is largely from 
the protein moiety, it is apparent from the 
correlations observed that the ration af- 
fects the amounts of the mucopolysaccha- 
ride appearing in the urine but has no 
effect on the quantity of protein. Changes 
in the amount of mucopolysaccharide can 
be explained by the changes in concentra- 
tion in the plasma and, hence, in the glo- 
merular filtrate, assuming that the mate- 
rial is not reabsorbed by the tubules. 


The problem of the source of urinary 
mucopolysaccharides has been discussed 
by Kerby? and, though there is little evi- 
dence regarding the amounts of mucopoly- 
saccharides in the plasma, only minute 
amounts would be needed to supply the 
amount found in the urine. The effects of 
tubular function on the amounts of muco- 
polysaccharides have been studied, and 
Piper® has suggested the possibility of 
both tubular excretion and glomerular fil- 
tration from studies of the fate of injected 
heparin. This presupposes that the molecu- 
lar size is in the order of that of inulin, 
and there is some evidence that this may 
be true if the material is a chrondroitin 
sulfate or similar molecule.* Several sources 
of such materials are apparent. 

In an earlier trial with steers,!? it was 
shown that a high level of calcium in the 
ration increased the protein-bound hexosa- 
mine, probably through absorption of the 
calcium on the bone tissue, accompanied by 
an increased rate of turnover of the matrix 
of this tissue, since Dziewiatowski® has 
reported that absorption of calcium in- 
creases the turnover of the bone matrix. 
Other sources are the ground substances 
of connective tissue, and an increased turn- 


over of these induced by stimulation of 
the growth rate appears to occur with a 
high-concentrate ration. 

The probable importance of the turnover 
rate of the supporting tissues is emphasized 
by the increased probability of urinary 
ealeuli in lambs which have been implanted 
with diethylstilbestrol to increase growth 
rate.1* It seems probable that the greatest 
predisposition to calculosis occurs during 
periods when the animal is growing rapid- 
ly, as when it is being fed for market, and 
that the imposition of an additional stress 
at this time, such as an abrupt shift in the 
weather, may result in the changes neces- 
sary to bring about the deposition of min- 
eral on the mucoproteins present in the 
urine. 


SUMMARY 


A study was made of the effects of cer- 
tain rations, previously shown to promote 
or inhibit the incidence of clinical uroli- 
thiasis, on the patterns of excretion of 
urinary mucoproteins. 

The concentrations of the urinary muco- 
proteins were found to be inversely pro- 
portional to the levels of minerals or ash 
in the ration, but under the conditions of 
this trial the ash content of the ration did 
not affect the total amounts of these ma- 
terials excreted per day. 


Evidence was presented that the con- 
centration of the mucopolysaccharide por- 
tion of the mucoproteins of the urine was 
correlated directly to the level of concen- 
trates in the ration, and the hypothesis was 
advanced that the correlation was the re- 
sult of the increased tissue turnover rate 
induced by an increased growth rate. 

Evidence was also presented that the level 
of the protein fraction of the mucoprotein 
in the urine was not related to the amounts 
of concentrate fed. This suggests that the 
two portions of the complex are derived 
from different sources. 


References 


1 Black, W. H., Ellis, N. R., Jones, J. M., and Keat- 
ing, F. E.: The Relation Between Urinary Calculi and 
the Use of Grain Sorghums in Steer Fattening Rations 
in the Southern Great Plains. U.S.D.A. Tech. Bull. 945, 
(1942): 14. 

2 Boyce, W. H., Garvey, F. K., and Norfleet, C. M.: 
Biocolloids in Health and Disease. I. Electrophoretic 
Studies at pH 8.6 and 4.5 of Those Components Soluble 
in Molar Sodium Chloride. J. Clin. Invest., 33, (1954): 
1287-1297. 

3 Boyce, W. H., and Swanson, M.: Biocolloids in Health 
and Disease. II. Electrophoretic and Biochemical Studies 
of a Mucoprotein Insoluble in Molar Sodium Chloride. 
J. Clin. Invest., 34, (1955): 1581-1589. 


XUM 


A 

N 
1 

s 

a 

J 

I 

s 


XUM 


Am. J. Vet. REs. 
May, 1959 


Srupres on Urouituiasis. IV. 


429 


* Boyce, W. H., and Sulin, N. M.: Biocolloids in 
Health and in Calculous Disease. III. The Mucoprotein 
Matrix of Urinary Calculi. J. Clin. Invest., 35, (1956): 
1067-1079. 

5 Dziewiatkowski, D. D.: Radioautographic Studies of 
Sulfate-Sulfur® Metabolism in Articular Cartilage. J. 
Expt. Med., 95, (1952): 489-495. 

® Howard, J. E.: Clinical and Laboratory Research 
Concerning the Mechanisms of Formation Calculous Dis- 
ease of the Kidney. J. Urol., (1954): 999-1008. 

7 Kerby, Grace P.: The Excretion of Glucuronic Acid 
and Acid Mucopolysaccharides in Normal Human Urine. 
J. Clin. Invest., 33, (1954): 1168-1174. 

8 Mathews, M. B., and Dorfman, A.: The Molecular 
Weight and Viscosity of Chondroitin Sulfuric Acid. Arch. 
Biochem., 42, (1953): 41-48. 

® Piper, J.: The Fate of Heparin in Rabbits After 
Intravenous Injection. Acta Pharmacol. et toxicol., 3, 
(1947) : 737-741. 

10 Randall, A.: The Origin and Growth of Urinary 
Caleuli. Ann. Surg., 105, (1937): 1009-1027. 


11 Rubin, P. S., and Howard, J. E.: Histochemical 
Studies of the Role of Acid Mucopolysaccharides in Cal- 
cifiability and Calcification. Tr. Macy Conf. Metab. Inter- 
relat., 2, (1950): 155~-166. 

12 Tobiska, J. W., Douglas, E., Vail, C. E., and Mor- 
ris, M.: Nutritional Characteristics of Some Mountain 
Meadow Hay Plants of Colorado. Colorado Agric. Exper. 
Sta. Tech. Bull. 21, (1937): 1-23. 

13 Udall, R. H., Deem, A. W., and Maag, D. D.: 
Studies on Urolithiasis. I. Experimental Production in 
Steers Associated with Feeding. Am. J. Vet. Res., 19, 
(Oct., 1957) : 825-829. 

44 Udall, R. H., and Jensen, R.: Studies on Urolithia- 
sis. II. The Occurrence in Feedlot Lambs Following 
Implantation with Diethylstilbestrol. J.A.V.M.A., 133, 
(Oct. 15, 1958): 514-516. 

% Udall, R. H.: Studies on Urolithiasis. III. The 
Control by Force Feeding Sodium Chloride. Am. J. Vet. 


Res., 20, (May, 1959): 423-425. 

16 Winzler, R. V., Devor, A. W., Mehl, J. W., and 
Smyth, I. W.: Studies on the Mucoprotein of Human 
Plasma. I. Determination and Isolation. J. Clin. In- 
vest., 27, (1948): 609-615. 


Correction—Sulfaquinoxaline in Dairy Cattle 


In the article, ‘‘Studies on the Oral Adminis- 
tration of Sulfaquinoxaline in Dairy Cattle— 
Pharmacology and Pathology,’’ by G. E. Bright- 
enback, F. V. Washko, and O. H. Siegmund, in the 
October, 1958 issue of the American Journal of 
Veterinary Research (p. 794), the last paragraph 
of the Discussion, beginning with the sentence 


starting on line six, should read ‘‘ Unpublished 
reports” attest to the efficacy of this drug...’ 
Reference 28, not included in the article, should 
read ‘‘* Stowe, C. M., Pallesen, D., and Hartman, 
W., University of Minnesota, St. Paul: Unpub- 
lished data, 1958. 
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Acidosis and Plasma Glucose in Sheep Given Butyrate 


D. S. KRONFELD, M.V.Sc.; L. A. CAMPBELL, M.Sc.; L. L. HOOPER, B.S.; 
SYLVIA J. GALLIGAN, A.B. 


Davis, California 


HyYPERKETONEMIA and hypoglycemia are 
associated with metabolic disease in cattle 
(bovine ketosis) and sheep (ovine preg- 
nancy toxemia). 

This has promoted research on the effects on 
blood concentrations of ketone bodies and glucose 
which follow the administration of the volatile 
fatty acids produced by ruminal fermenta- 
tion.* ** 1% Propionate always raises the 
blood sugar and depresses the ketone body 
level,” ** acetate has slight effects, while 
butyrate always raises the ketone concentration, 
but the direction of change in glucose concentra- 
tion is variable and, until recently,* was thought 
to be unpredictable.* 

The common nutritional approach to ketosis 
based on the classification of nutrient substances 
as ketogenie or antiketogenic” and the identity 
of antiketogenic with ketolytic and glycogenic 
substances has made the erratic glyecogenic effect 
of butyrate difficult to understand in the face of 
the consistent ketogenic effect.**** Theories of 
ruminant ketosis which emphasize the glycogenicity 
of propionate and the ketogenicity of butyrate 
have minimized or ignored the erratic glycogenicity 
of the latter.** It ean be calculated that if all 
the propionate produced in the rumen was trans- 
formed to glucose it would provide only 40 Gm. 
per day in the sheep and 400 Gm. per day in the 
cow. These amounts are inadequate to provide for 
demands on blood glucose."**” Thus the vari- 
ables which condition the glycogenicity of butyr- 
ate assume great importance for, when this trans- 
forming mechanism is not operating, the animal is 
more likely to become deficient in blood sugar. 
This would be especially dangerous if the animal 
faced a concomitant drain of hexose for milk lac- 
tose or fetal fructose.” Hypoglycemia has been 
closely related to the development of the syndrome 
in ovine pregnancy toxemia” and, less critically, 
in bovine ketosis.” 

A variable which affects this two-way directional 
effect of butyrate on blood sugar was demonstrated 
by Krerfeld. The blood sugar level fell during 
butyrate infusiion in sheep which had been previ- 
ously loaded with glucose by intravenous infusion, 
but it rose when butyrate was given intravenously 
to sheep which had been starved for four days. 
The change in blood glucose correlated with the 
initial level (r= —0.848) at a highly significant 
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level (P <0.001) for 15 observations.* Annison 
et al.* have not accepted this as evidence for a 
glycogenic effect of butyrate, preferring to con- 
sider it a pharmacological effect since the butyr- 
ate was given intravenously and it is not normally 
present in peripheral blood. They gave sodium 
butyrate intraruminally to fasted sheep, avoiding 
the possible pharmacological effect, and still ob- 
served a rise in blood sugar. 

A comparison of the result obtained by 
Annison et al.* with that obtained by Arm- 
strong and Blaxter,t who infused butyric 
acid into the rumens of fasted sheep and 
observed a fall in blood sugar has led to the 
postulation of another variable, acidosis, 
affecting the glycogenic action of butyrate. 
This has been tested by giving sodium 
butyrate and butyric acid intravenously 
and intraruminally to sheep and compar- 
ing the effects on blood sugar and CO>- 
combining power. 


EXPERIMENTAL PROCEDURE AND RESULTS 


The procedures followed were those of Kron- 
feld ” for intravenous infusion and Armstrong and 
Blaxter* for intraruminal infusion. The sheep 
were crossbred adult females. Plasma glucose 
concentration was estimated photometrically with 
ferricyanide on a ZnSO.-NaOH filtrate.” Plasma 
CO.-combining power was estimated volumetri- 
cally.” The sole variation was the use by each 
route of butyric acid in saline solution (pH 2.0) 
and the same amount of butyric acid titrated to 
pH 7.4 with NaOH. 

In four experiments the sheep became 
comatose and dyspneic, and their plasma 
glucose levels rose to between 120 and 
150 mg. We agree with Jarrett et al.’ 
that such a marked increase in plasma glu- 
cose accompanied by signs of intoxication 
is probably part of the response to the toxic 
action of butyrate rather than a sign of 
glyeogenicity. In five other experiments 
(graphs 1,2), the sheep became only 
slightly dull and unresponsive during the 
infusion period but otherwise showed no 
signs of intoxication, and we consider the 
rise in plasma glucose level to 60 and 
70 mg. in these experiments an indication 
of glycogenicity. It is hoped to continue 
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this work, using tracer techniques which 
would obviate the problem of butyrate 
toxicity and which would provide a dif- 
ferent criterion of glycogenicity. 

The increase in plasma glucose concen- 
tration which followed the administration 
of sodium butyrate intravenously (graph 
1) and intraruminally (graph 2) was not 
accompanied by acidosis. A fall in the 
COcs-combining power of plasma did occur, 
however, after the administration of bu- 
tyrie acid by either route. It was associ- 
ated with a fall in plasma glucose. These 
observations confirm those previously re- 
ported. Kronfeld }* found a rise in glucose 
after sodium butyrate was infused intra- 
venously into fasted sheep. Annison et al.* 
observed a rise in blood sugar following 
the intraruminal administration of sodium 
butyrate, while Armstrong and Blaxter 
reported a fall in blood sugar during the 
intraruminal infusion of butyrie acid. 


Discussion 


The results are consistent with the hy- 
pothesis that acidosis blocks the glycogenic 
effect of butyrate. Acidosis also diminishes 
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Graph 1—Intravenous infusion of sodium butyrate 
and butyric acid on plasma glucose and CO-- 
combining power in fasted sheep. 


the energetic efficiency of volatile fatty 
acid and glucose metabolism in sheep.* 
Both effects would tend to lower the plasma 
level, and so have interesting implications 
in ruminant ketosis. 

Obese ewes are especially susceptible to 
pregnancy toxemia.‘ Sampson ** has long 
held that ruminant ketosis is dependent on 
depletion of liver glycogen, but this opinion 
may require requalification, since recent 
work has shown that fasting ketosis can 
oceur in the presence of undepleted liver 
glycogen and undepleted oxalacetate.** 
Fasting ketosis’ due to fat mobilization 
under the influence of pituitary growth 
hormone *° might be primary in obese ewes, 
leading to acidosis and then to hypogly- 
cemia and glycogen depletion along the 
lines proposed. Again, impaired renal 
function, although terminal when pregnaut 
ewes in ordinary condition are fasted,** 
occurs early and in association with acid- 
osis when obese sheep are starved ™ and 
could be responsible for the development 
of subsequent hypoglycemia. The onset of 
clinical signs parallels the development of 
hypoglycemia in pregnancy toxemia.*! The 
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rate and butyric acid on plasma glucose and CO.- 
combining power in fasted sheep. 
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sequence of ketosis-acidosis-cellular glucose 
insufficiency-clinical signs in the fasted, fat 
ewe contrasts with that of cellular glucose 
insufficiency -ketosis-acidosis-clinical signs 
which are characteristic of diabetes. 

The relative magnitude of different 
pathways by which butyrate carbon pro- 
ceeds to glycogen and glucose might also 
be influenced by acidosis. Radioactive 
butyrate given intravenously has labeled 
amino acids recovered from milk casein in 
a pattern consistent with incorporation via 
acetyl-CoA entry into the Krebs cycle, and 
transfer of butyrate carbon to plasma 
glucose was also considered to follow this 
route.!7 Incorporation via acetyl-CoA in 
this way would not result in a net increase 
in the number of carbon atoms in the car- 
bohydrate pool because, for every two 
carbons entering the Krebs cycle as acetyl- 
CoA, another two would be lost as ear- 
bon dioxide; that is, there would be no 
net synthesis of glucose. However, butyr- 
ate is not normally present in peripheral 
blood ;*:!® most of it is transformed to 
acetoacetate and beta-hydroxy-butyrate by 
the rumen epithelium during the process 
of absorption,*** the remaining butyrate 
and the acetoacetate disappearing at the 
liver. The peripheral blood of normal 
cows and sheep contains about 12 mg. of 
beta-hydroxy-butyrate per 100 ml., but no 
acetoacetate. Administration of beta- 
hydroxy-butyrate to ruminants raises the 
blood glucose concentration,’ 7° and so, by 
this criterion, this ketone body might be 
considered glycogenic in ruminants. If the 
propanediol pathway transfers the ketone 
earbon to carbohydrate as has been sug- 
gested,!® it would result in net synthesis. 
Under these circumstances, the failure of 
acidotiec rumen epithelium or liver to trans- 
form butyrate to the hydroxy-acid could 
account for acidotic interference with bu- 
tyrate glycogenicity, and it would be rele- 
vant to theories of ruminant ketosis based 
on a deficiency in gluconeogenesis." 


SUMMARY 


Sodium butyrate and butyric acid were 
infused intravenously and intraruminally 
into adult ewes. Plasma glucose concen- 
tration and COs-combining power de- 
creased after butyric acid was given but, 
following administration of the sodium 
salt, there was no acidosis and the plasma 
glucose level was increased. It was con- 


cluded that acidosis interfered with the 
glycogenic effect of butyrate. Implica- 
tions of this were discussed with reference 
to ruminant ketosis. 
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The Effects of Freezing and Storage at —20 C. on Serum 
Protein Patterns of Sheep as Determined by 
Paper Electrophoresis 


KENNETH L. KUTTLER, D.V.M., M.S., and DONALD W. MARBLE, D.V.M. 
Reno, Nevada 


PAPER ELECTROPHORESIS provides a conven- 
ient means of studying various changes in 
serum protein components. Several inves- 
tigations !}:*:7:1013 have demonstrated the 
usefulness of serum electrophoresis as an 
aid to diagnosis in various pathological 
conditions. This procedure is also a useful 
research tool in studying the biochemical 
and serological aspects of certain disease 
problems. 

In many instances, storage of serum 
prior to study is convenient and often nec- 
essary. Moore et al.® reported that both 
freezing and lyophilization cause changes 
in the electrophoretic patterns in human 
serums. Variations in electrophoretic pat- 
terns of dog serums were reported by 
Goldwater and Entenman ® as a result of 
different types of treatment. Mathews and 
Buthala*®* reported that repeated freezing 
and thawing of swine serum did not alter 
the electrophoretic patterns of serum pro- 
tein. Rutqvist !! stated that no significant 
changes in the amounts of protein were ob- 
served in swine serums, even after pro- 
longed storage at —60 C. Campbell * stated 
that changes in the electrophoretic patterns 
were not observed in serums stored at 
—20 ©. for 6 months. 

Serum components for various species of 
animals differ.*+> It would seem reasonable 
to suspect that changes which occur in 
serums of one species may not necessarily 
be constant with serums of another species 
under different types of treatment. This 
investigation was designed to detect possi- 
ble changes which may occur in electro- 
phoretie patterns of sheep serums as a re- 
sult of freezing and storage of serums at 
—20 C. for 9 months. 


From the University of Nevada, Agricultural Experi- 
ment Station, Reno, where Dr. Kuttler is associate veteri- 
narian and Dr. Marble is assistant veterinarian. 

* Spinco Model R Paper Electrophoresis Cell, Spinco 
Duostat, and Spinco Model RA Analytrol, manufactured 
by Beckman Instruments, Inc., Spinco Division, Belmont, 
Calif. 


MATERIALS AND METHODS 


Tests were carried out with a paper electrophore- 
sis cell.* After 10 wl. of serum were placed on 
each filter paper strip, the strips were placed on 
racks and wet down with a barbital buffer con- 
sisting of 1.84 Gm. of barbital and 10.3 Gm. of 
sodium barbital in 1 liter of distilled water, with 
a pH of 8.6. A duostat power source* supplied 15 
ma. of direct current, which was used for six hours 
at room temperature. 


The strips were dyed in bromphenol blue, using 
the methods described by Block et al.* Dried strips 
were analyzed in an integrating densitometer* 
using a slit width of 1.5 mm. Percentages of color 
eontent of the various serum protein fractions 
were calculated from this reading. 


Serum samples were collected from 8 presum- 
ably normal lambs, 4 to 8 months old. A _ blood 
sample, taken from each lamb in the afternoon, 
was allowed to clot and separate overnight at 
room temperature. The next day, the serum samples 
were collected and clarified by centrifugation and 
divided into ten aliquots containing 3 ml. each. 
One aliquot was immediately placed on the electro- 
phoresis cell without freezing or storage (day 0). 
The remaining nine aliquots were frozen and 
stored at —20C. until tested. One aliquot of each 
serum sample was thawed and tested in duplicate 
at approximately one-month intervals for nine 
months following freezing (table 1). The test con- 
ducted in the period between 91 and 153 days was 
discarded, due to an inadvertent change in the 
technique which was not detected until the serums 
had been disearded. 

A second group was composed of 16 presumably 
normal lambs, 8 to 12 months old, which were 
used as a source of serum in determining the effects 
of freezing on electrophoretic patterns. Two blood 
samples were takes: from each lamb. Serum from 
the first sample (group 1) was collected and clari- 
fied by centrifugation, and placed on the electro- 
phoresis cell about four hours after the blood sam- 
ples were taken. The second blood sample was 
allowed to stand for seven hours at room tem- 
perature, and overnight at 5C. before serum was 
collected. At this time the serum was removed, 
clarified by centrifugation, and divided into three 
aliquots containing 3 ml. each (group 2, 3, and 4). 
In group 2, the 16 serum samples were placed on 
the electrophoresis cells approximately 26 hours 
after blood samples were drawn and prior to freez- 
ing. In group 3, the 16 serum samples were frozen 
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PATTERNS OF SERUM PROTEIN AFTER FREEZING AND STORAGE 


TABLE 1—Effects of Storage at —20 C. on Electrophoretic Patterns of Sheep Serums 


Alpha-1 Alpha-2 Beta Gamma 
Days of Albumin globulin globulin globulin globulin 
storage (%) (%) (%) (%) (%) 
0 46.1 6.3 16.6 6.1 25.0 
32 49.4 5.6 16.1 6.1 22.8 
61 48.6 5.7 15.9 6.7 23.2 
91 48.0 5.6 17.4 7.0 21.9 
153 48.0 5.7 15.6 6.9 23.7 
182 46.1 5.9 16.6 7.2 24.1 
214 45.4 5.6 18.1 7.6 23.0 
245 49.4 5.0 15.5 7.4 22.6 
273 47.4 4.9 14.2 8.4* 22.2 
Regression coefficient —0.006923 —0.002524 +0.002345 +0.00699 —0.000460 
Possibility of error N.S.¢ N.S. N.S. <0.005 N.S. 


Each percentage expressed represents the average of 16 tests on a total of 8 animals. 


sis was calculated starting with 32 days’ storage. 
* Significantly greater than 6.1 per cent. 
+ N.S. = not significant. 


24 hours after blood samples were taken by plac- 
ing them in —20C. storage. They were thawed and 
tested by electrophoresis approximately 48 hours 
after the blood sample had been collected. In 
group 4, the 16 serum samples were quickly frozen, 
24 hours after the blood samples were drawn, by 
placing tubes containing serum in dry ice and 
aleohol, having a temperature of —70 C. They were 
stored at —20C. until tested, approximately 72 
hours after collection of blood samples. 

Uniform methods, as previously described, were 
used in making all electrophoretic serum protein 
separations. The protein fractions separated and 
were recorded in the following order, beginning 
from the point of origin on the paper strip: 
yamma globulin, beta globulin, alpha-2 globulin, 
alpha-1 globulin, and albumin. 

In order to determine if changes occurring in 
serum electrophoretic patterns were the result of 
storage at —20C. (table 1), a regression analysis” 
was made. Analysis of variance, single classifica- 
tion, was also made in the one case where a signi- 
ficant regression coefficient was obtained. The data 
presented on the effects of freezing on serum frac- 
tions (table 2) were submitted to an analysis of 
varianee, single classification. 


TABLE 2—Effects of Freezing on Electrophoretic 
Patterns of Sheep Serum 


Gamma 


Beta 


Alpha-1 Alpha-2 
Group Albumin globulin globulin globulin’ globulin 
No. (%) (%) (%) (%) (%) 
1 50.4 5.0 14.8 5.8 24.0 
2 49.2 5.1 14.8 6.3 24.6 
3 49.8 4.6 15.5 7.0 23.6 
4 52.4* 4.2 13.8 6.0 23.6 


Each value represents the average of 16 determina- 
tions on 16 serums. 

Group 1, serum was tested before freezing, four hours 
after blood was collected; group 2, serum was tested 
before freezing, 26 hours after blood was collected; group 
3, serum was frozen at —20C., held at this temperature 
24 hours, and tested 48 hours after blood was collected; 
and group 4, serum was quick frozen at —70C., held at 
—20 C. 48 hours, and tested 72 hours after blood sample 
had been drawn. 


* Albumin in group 4 is significantly higher. 


Regression analy- 


RESULTS 

The effects of storage at —20 C. on serum 
electrophoretic patterns of sheep serums 
are tabulated (table 1). There was not a 
significant correlation between the storage 
time at —20C. and recorded differences in 
percentage values of albumin, alpha-1 glob- 
ulin, alpha-2 globulin, or gamma globulin 
fractions in sheep serum. As determined 
by an analysis of variance and Tukey’s 
method of determining significant differ- 
ences,!? a highly significant, although small, 
regression coefficient did occur in the beta 
globulin fraction, indicating that prolonged 
storage does affect this serum fraction. The 
differences of 8.4 per cent at 273 days of 
storage were significantly different from 
the values of 6.1 per cent obtained on days 
0 and 32. The differences between 7.4 per 
cent obtained on day 245 or 7.6 per cent 
on day 214, and the value of 6.1 per cent 
on days 0 and 32, did not reach significance. 

The effects of freezing on serum electro- 
phoretic patterns are given (table 2). No 
apparent differences in electrophoretic pat- 
terns developed as a result of the 3 differ- 
ent treatments represented in group 1, 2, 
and 3. Group 4, in which the serum was 
quickly frozen in dry ice and alcohol, 
showed an increase in the albumin fraction 
which proved to be significant. This differ- 
ence reached significance when compared 
with each of the other three groups. 


Discussion 


The results obtained in this study of the 
effects of freezing and storage on serum 
electrophoretic patterns, where repeated 
determinations were made on the same 
serums, indicate that this test is sensitive 
to slight changes in the uniform method. 
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It appears that serum could be safely 
stored wit’ sut significant changes occur- 
ring in the electrophoretic patterns of the 
albumin, alpha-1 globulin, alpha-2 globulin, 
and gamma globulin fractions, but that 
if storage of over eight months is contem- 
plated, storage changes in the beta globulin 
fraction should be anticipated. Although 
it is small, the regression coefficient given 
(table 1) for the beta fraction has the pos- 
sibility of error of <0.005. 

Freezing serum samples at —20C. ap- 
pears to be preferable to quick freezing 
in dry ice and alcohol when results compar- 
able to those obtained in fresh unfrozen 
samples are desired. Holding serum over- 
night in a refrigerator failed to produce 
any differences in electrophoretic patterns 
when compared to those patterns obtained 
on fresh serum. 


SUMMARY 


No significant changes in the electro- 
phoretic patterns of sheep serums occurred 
in the albumin, alpha-1 globulin, alpha-2 
globulin, and gamma globulin fractions as 
a result of nine months’ storage at —20 C. 
A small, but significant, increase occurred 
in the beta globulin fraction, apparently 
due to storage. 

There was no significant change in the 
electrophoretic patterns as a result of freez- 
ing at —20C., although quick freezing at 


—70C. produced a small but significant 
increase in the albumin fraction. 
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The Presence of Lipids in the Epithelium 
of the Ruminant Forestomach 


ROBERT E. HABEL, D.V.M., M.Sc., M.V.D. 
Ithaca, New York 


THE IMPETUS for this study was furnished 
by the literature on the absorption of fatty 
acids from the rumen, reticulum, and oma- 
sum,2"7 the metabolism of fatty acids by 
the tunica mucosa of the forestomach,’* 
and the influence of fatty acids on the de- 
velopment of papillae.?® 

There is no previous report of the presence of 
lipids in the stratum corneum of the ruminant 
forestomach. The latest positive reference to the 
histological demonstration of lipids in the tunica 
mucosa is in Ellenberger’s ‘‘ Handbuch’’ of 1911.° 
Even here we find only the meager information 
that fat droplets occur in the stratum spinosum 
and stratum basale. Hauser’s comprehensive de- 
scription of the epithelium “ contains no mention 
of lipids. Bareroft et al.,®> comparing the rumen 
epithelium to the skin, reasoned that because the 
rumen epithelium has no sebaceous glands, 
there is no greasy protection... ’’ The 
belief that the lipids of the epidermis are derived 
entirely from the glands has been shown to be 
erroneous. Substantial quantities of fatty acids 
and their esters are produced by the transforma- 
tion of cellular phospholipids during the process 
of keratinization.”” 

Dobson et al.® were unable to demonstrate lipids 
in the ovine rumen epithelium by staining with 
scharlach I or Nile blue sulfate. Basu et al.,' 
employing Fischler’s method for fatty acids, ob- 
tained the inconclusive results usually reported for 
this technique. 


MATERIALS AND METHODS 


The tissue samples were taken from 10 cattle, 
2 goats, and 1 sheep. These animals are listed 
with their identifying number, age, and diet. 
Some of the animals were subjected to experi- 
ments designed for other purposes, and the treat- 
ments are indicated. 


41—Calf, 1 day old. Colostrum. 

42—Calf, 9 weeks old. Normal diet of hay and 
grain. 

43—Heifer, 18 months old. Normal diet. Adrena- 
lectomy was performed on the right side 
five weeks before necropsy, and on the left 
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side two weeks before necropsy. A remnant 
of the right adrenal, weighing 4 Gm., was 
not removed. 

44—Goat, 3 months old. Weaned at six weeks, 
normal diet. 


47—Goat, 3 months old. Weaned at eight weeks 
and restricted to an artificial diet of dex- 
trin, dextrose, cellulose, minerals, urea, 
casein, lard, and vitamins A and D. 

48—Calf, 7 weeks old. Normal diet. 

49—Bull, 3 years old. Normal diet. 

50—Bull, 3 years old. Normal diet. 


51—Bull, 10 months old. Diet restricted to milk, 
minerals, and vitamin E. 
52—Bull, 10 months old. Diet restricted to milk, 
minerals, and vitamin E. The removal of 
tissue blocks was delayed 45 minutes after 
death. The rumen and reticulum were filled 
with water and submerged for volume meas- 
urements. The omasum was only submerged. 
53—Sheep, 18 months old. Normal diet. 
54—Calf, 15 months old. Diet restricted to milk 
fed from a nipple pail, and a solution of 
sodium acetate administered through a ru- 
men cannula. 
Calf, 15 months old. Diet restricted to milk 
fed from a nipple pail, and a solution of 
sodium propionate administered through a 
rumen cannula. 


55 


Tissue blocks were removed as soon as possible 
after exsanguination from all animals except ani- 
mal 52. Blocks were cut from four places in the 
dorsal sac of the rumen—the cranial and caudal 
extremities, and dorsal and ventral locations in 
the middle of the right wall. Blocks were also 
taken from the floor of the ventral sac of the 
rumen, from the reticulum, and from the greater 
eurvature of the omasum. The tissues were fixed 
in 10 per cent formalin containing 1 per cent 
ealeium chloride (animals 41-50) or in formalin- 
caleium with 1 per cent cadmium chloride added 
(animals 51-55). The blocks were post-chromed 
in 3 per cent aqueous potassium dichromate for 
three to seven days and imbedded in gelatin. 
Frozen sections were cut at a thickness of 10 u 
and attached to gelatin-coated slides. Staining 
with Sudan black B and oil red O was carried out 
in the usual manner,” except that the saturated 
solutions of the dyes in 70 per cent aleohol were 
not boiled or filtered. The sections were stained 
ten minutes in Sudan black B or 20 minutes in 
oil red O. Because tissues did not adhere to gela- 
tin slides in 1 per cent Nile blue sulfate, they 
were carried through this procedure® as free sec- 
tions. Unfixed and unstained frozen sections 
were examined with dark field, phase contrast, and 
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polarized illumination. All preparations were 
mounted from water in corn syrup (Karo). 

The Schultz cholesterol reaction” was applied 
to sections from animals 48, 51, and 53. 


RESULTS 


Stratum Corneum.—In 9 of the 13 ani- 
mals examined, the stratum corneum of the 
rumen, reticulum, and omasum contained 
large numbers of lipid droplets which 
stained intensely with Sudan black B and 
oil red O (fig. 1,2). Most of the droplets 
were 1 to 3 » in diameter. They were more 
numerous on the tips of the papillae than 
elsewhere, and more numerous and more 
evenly distributed in young animals than 
in adults given a similar diet of hay and 
grain. The droplets were especially large 
(about 5 » in diameter) in the milk-fed 
yearling, animal 51 (fig. 3). 

The four animals in which the lipids of 
the stratum corneum were sparse or absent 
were animals 41, 43, 52, and 53. In the 
day-old calf (41) no substance stained with 
oil red O or Sudan black B was present in 
the stratum corneum. A control on the 
method was provided by well-stained fat 
cells in the stomach wall and by fat drop- 
lets in the lumen. 

With the exception of a few coarse drop- 
lets in the reticulum, the stratum corneum 
of the partially adrenalectomized heifer 
(43) contained almost no lipid. 

The distribution of stainable lipids in 
animal 52 was erratic. The droplets were 
seen in only a few papillae of the rumen 
and reticulum, but were more numerous in 
the omasum. 


The sheep (53) had less lipid in the 
stratum corneum than the cattle or the 
goats. The droplets were small (fig. 4), 
and stained with Sudan black B and oil red 
O, but not with Nile blue sulfate. 

Deep Layers of the Epitheliwm.—In most 
animals, droplets stained with oil red O 
were rare in the layers of epithelium be- 
neath the stratum corneum. They were 
present between the cells and within a few 
isolated cells of the stratum spinosum. Oc- 
easional cells of the stratum granulosum 
were filled with them. In animal 49, the 
stratum granulosum contained many drop- 
lets, and in animal 51 they were numerous 
throughout the epithelium. 

Lipids stained by Sudan black B and the 
blue base of Nile blue sulfate, but not by 
oil red O, were present as a finely granular 
material in the cytoplasm of the stratum 
basale of all animals, and in the stratum 
spinosum of all animals except the day-old 
ealf. In the deeper, vertically elongated 
cells this sudanophilic material formed a 
supranuclear cap (fig. 5). A Golgi vesicle 
with a few peripheral sudanophilie drop- 
lets was often attached to the nucleus. In 
the more superficial horizontal cells, the 
sudanophilic granules formed an elliptical 
zone around the nucleus (fig. 6). The Sudan 
black B also stained the cell membranes, 
frequently with a beaded appearance. 

The Nature of the Lipids—Although 
chemical identification of the lipids present 
will have to await further investigation, 
the following results of preliminary vbser- 
vations are reported. 


Legend for Illustration on Opposite Page 


Fig. 1—Papillae from the rumen of calf 48. Lipid droplets are especially well demonstrated in the 
oblique section through the stratum corneum of the largest papilla. The deeper layers of the epi- 
thelium are also stained. Sudan black B stain; x 120. 


Fig. 2—Papilla from the rumen of goat 44. The lipid droplets in the stratum corneum are stained, 
but the deeper layers of the epithelium are not. Oil red O stain; x 120. 


Fig. 3—Rumen epithelium from milk-fed bull 51. The lipid droplets in the stratum corneum are large 
(compare with figure 6). Sudan black B stain; x 530. 


Fig 4—Rumen epithelium from sheep 53. The swollen cells of the stratum corneum contain fine lipid 
droplets. Sudan black B stain; x 530. 


Fig. 5—Rumen epithelium from goat 44. Notice the lipid droplets in the stratum corneum, the diffuse 
sudanophilia of the upper cells of the stratum spinosum, the cell membranes, and the supranuclear 
zones of lipid material in the stratum basale. The nuclei are unstained. Sudan black B stain; x 1,060. 


Fig. 6—Rumen epithelium from bull 50. Coarse lipid droplets are present in the stratum corneum. 
Cell membranes and perinuclear zones of lipid material are shown in the stratum spinosum. Sudan 
black B stain; x 530. 
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Unfixed frozen sections of rumen mucosa 
examined in the bright field and phase con- 
trast systems showed refractive colorless 
droplets in the stratum corneum. In polar- 
ized light, the droplets were isotropic. They 
were of the same size and distribution as 
the droplets stained with oil red O. 

In formalin-fixed frozen sections a few 
isolated, anisotropic, elliptical, or rarely, 
spheroid crystals were seen. The spheroids 
showed the cross of polarization. Sections 
fixed in 10 per cent formalin only, with 
no chromation, revealed the lipid droplets 
when stained with Sudan black B or oil 
red O. The finely granular lipid in the 
stratum spinosum was less distinct than in 
the formalin-calcium-cadmium chromated 
material. 

The droplets in the stratum corneum 
were not stained by oil red O after extrac- 
tion for 24 hours in ether-aleohol at 37 C. 
They were also extracted by the paraffin 
imbedding process. 

Nile blue sulfate in 1 per cent aqueous 
solution stained the droplets of the stratum 
corneum in shades ranging from pink to 
lavender. More droplets were stained and 
the color was redder when the dye solution 
was kept at 70C. than at 37C. The pink 
reaction indicated that the droplets were 
predominantly neutral lipids, probably tri- 
glycerides. The staining of more droplets 
at 70 C. indicated that some of them were 
composed of lipids with a melting point 
higher than 37 C. 

In a 0.02 per cent solution of Nile blue 
sulfate the droplets were stained in lighter 
shades of pink. No elements shown to be 
lipid in Sudan black preparations were 
stained intensely blue with 0.02 per cent 
Nile blue. This indicated that the visible 
droplets were not composed of fatty acids.® 

The cytoplasm of the cells of the stratum 
basale and spinosum was stained blue in 
both concentrations of Nile blue sulfate. 

The Schultz cholesterol test gave a dif- 
fuse, light, blue-green reaction throughout 
the epithelium. The color changed rapidly 
to yellow brown. Myelin sheaths in the 
myenteric plexus gave a darker blue re- 
action than the epithelium. 


DIscussION 


Under the conditions of fixation and 
staining employed in this study, the visible 
droplets in the stratum corneum had phys- 
ical and chemical properties which indi- 


cated that they were predominantly tri- 
glycerides, and that some of them had a 
relatively high melting point. The fact that 
they were stained with oil red O would cast 
doubt on the presence of phospholipids in 
any significant quantity,’* and the nega- 
tive results with 0.02 per cent Nile blue 
sulfate did not support the hypothesis that 
the droplets were composed of fatty acids. 
The short-chain, volatile, fatty acids ab- 
sorbed from the ingesta are miscible with 
water and could not be expected to appear 
as discrete refractive droplets. Therefore, 
they could not be distinguished from other 
acid substances stained diffusely blue by 
0.02 per cent Nile blue sulfate. Another 
indication that the lipids in the stratum 
corneum were not absorbed from the in- 
gesta was furnished by the milk-fed bull 
(51). The epithelium in this animal con- 
tained much more lipid than in animals 
with a normally functioning rumen. It is 
not likely that milk fat was absorbed from 
the rumen. The results with the day-old 
calf were in agreement with this. 

The available evidence indicates that the 
lipid droplets in the stratum corneum are 
products of the fatty transformation that 
accompanies keratinization.'» If this is 
true, then it is probable that significant 
quantities of lipids are continuously added 
to the ingesta by epithelial desquamation. 
This process may be important in the bio- 
chemistry of the ruminant forestomach in 
health and disease. 

The lipids in the deeper layers, stained 
by Sudan black B and the blue base of 
Nile blue sulfate, are probably phospho- 
lipids.5. 18 The distribution of sudanophilic 
material in the cytoplasm resembles that of 
mitochondria. The absence of sudanophilia 
in the cells of the stratum spinosum of the 
day-old calf may be explained by the fact 
that these cells are still packed with fetal 
glycogen.!!: 


SUMMARY 


Lipid droplets were demonstrated in the 
stratum corneum of the forestomach of 9 
cattle, 2 goats, and 1 sheep. No lipid was 
stained in the stratum corneum of a day- 
old calf. Evidence was presented to sup- 
port the hypothesis that the droplets are 
predominantly triglycerides produced in 
the normal process of keratinization. 

Lipids stained by Sudan black B, but 
not by oil red O, were present as finely 
granular material in the cytoplasm of the 
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stratum basale of all 13 animals, and in the 
stratum spinosum of all except the day-old 
calf. Sudan black B also stained the cell 
membranes. 
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Trial with a New Organic Phosphate as an Anthelmintic in Sheep 


JAMES R. DOUGLAS, Ph.D.; NORMAN F. BAKER, D.V.M., Ph.D.; 
PAUL H. ALLEN, D.V.M. 


Davis, California 


THE RECENT widespread interest in organic 
phosphorus compounds as insecticides and 
miticides, particularly with respect to their 
systemic activity in mammals, has led sev- 
eral investigators to explore their possible 
value as anthelmintics. 

Levine et al.” reported that several compounds 
of this class showed nematocidal activity against 
horse strongyle larvae in vitro, and one, 0,0-di- 
methyl 2,2,2-trichloro-1-hydroxyethyl phosphonate 
(Dipterex*), was reported to have removed the 
majority of gastrointestinal nematodes from a 
sheep when used at 400 mg./kg. of body weight. 
Tiis dose rate, however, produced a typical phos- 
phate toxicosis. 

Herlich and Johnson,‘ in a critical test of the 
anthelmintic efficiency of 0, 0-dimethyl 0-2,4,5-tri- 
chlorophenyl phosphorothioate (Trolene?) in cattle, 
reported that a dose rate of 100 mg./kg. of body 
weight yielded rather variable results against the 
species of nematodes encountered. The drug was 
quite effective against Haemonchus placei (98%) 
and less so against Cooperia punctata (59%), 
Ostertagia ostertagi (46%), Oesophagostomum ra- 
diatum (30%), and Trichuris spp. (9%). Tricho- 
strongylus axei, Trichostrongylus colubriformis, and 
Nematodirus helvetianus were essentially unaffected 
by the treatment. 

Schad et al.” treated 5 aged ewes with this drug 
at the rate of 100 mg./kg. of body weight and 
found no evidence of anthelmintic action against 
Haemonchus, Ostertagia (Pseudostertagia), Tri- 
chostrongylus, Nematodirus, and Chabertia. The 
compound also appeared to have no effect on tape- 
worms of the genus Thysanosoma. 

Recently, Herlich and Porter reported their re- 
sults with another organic phosphate compound, 
0,0, diethyl 0-(3-chloro-4-methyl-7-coumarinyl) phos- 
phorothioate (Bayer 21/199**). In cattle and sheep, 
when administered at the rate of 25 mg./kg. of 
body weight, this drug was highly efficient against 
species of the genera Haemonchus, Ostertagia, Tri- 
chostrongylus, Cooperia, Trichuris, and Capillaria, 
and Strongyloides papillosus. It was erratic or in- 
effective against Nematodirus and Bunostomum 


From the University of California, School of Veterinary 
Medicine, Davis. 

This work was supported in part by grants-in-aid from 
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ternal Parasites of Ruminants.” 

*Dipterex is available from Chemagro Corp., New York, 
N.Y. 

+ Trolene (Dow-ET-57) is produced by the Dow Chemi- 
cal Co., Midland, Mich. 

** Bayer 21/199 is available from Chemagro Corp., 
New York, N.Y. 


phlebotomum. Mild and transitory signs of intoxi- 
eation were seen in some of the treated animals, 
leading the authors to suggest that the 25 mg./kg. 
dose level should probably not be exceeded. 

Baker et al.’ used an experimental organic phos- 
phorus compound against gastrointestinal nema- 
todes in cattle at the rate of 120 to 130 mg./kg. of 
body weight. On the basis of reduction in worm 
numbers in 10 treated animals as compared with a 
like number of untreated animals, they reported an 
over-all efficiency of 71 per cent with a 70 per cent 
efficiency in the abomasum and 88 per cent in the 
small intestine. The drug was most effective against 
Trichostrongylus (96-100% ), slightly less effective 
against Cooperia (87%), and least effective against 
Ostertagia (66%), which made up 82 per cent of 
the total worm population in the untreated animals. 

In view of the results reported with this 
compound and the apparent failure of re- 
lated compounds when used in sheep," it 
seemed desirable to investigate the effect of 
this material on the gastrointestinal nema- 
todes of sheep. 


MATERIALS AND METHODS 


Range lambs with natura! infections were placed 
in a dry lot and fed alfalfa hay. On the basis of 
five fecal worm egg counts made over a period of 
five weeks, they were assigned to groups of 10 
lambs each, in which the average worm egg count 
was essentially the same, as was the distribution 
of counts within the groups. 

The experimental organic phosphorus compound, 
0-methy] 0-(4-tert. butyl-2-chlorophenyl) ethylphos- 
phophoramidothiate (Doweo 105*), was used in 
the form of a 25 per cent wettable powder and 
was administered by stomach tube. Animals were 
treated with the compound as follows: group 1, 
200 mg./kg.; group 2, 75 mg./kg.; and group 3, 
no treatment. 

Three fecal egg counts were made following 
treatment and, on the sixth day, the lambs were 
slaughtered. Abomasums and small intestines were 
collected and worm counts made by methods pre- 
viously described.’ 


RESULTS 


The effect of treatment on the worm egg 
counts and the worm population is shown 
(tables 1,2). The efficiency of treatment 
was calculated on the basis of percentage 


* Dowco 105 is produced by Dow Chemical Corp., Mid- 
land, Mich. 
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TABLE i—The Effect of Treatment on Worm 


Egg Counts 
Pretreat- Post- Redue 
ment treatment tion 
Group average average (%) 
1 (200 mg./kg.) 479 52 89 
2 (75 mg./kg.) 523 169 68 
3 (no treatment) 503 412 18 


reduction in worm numbers in the treated 
lambs as compared with the controls. Anal- 
ysis of the difference observed between the 
mean worm counts in animals of the treated 
and untreated groups, using Student’s ‘‘t’’ 
test, indicated that the differences between 
the treated sheep and between sheep in the 
200 mg./kg. group and the untreated group 
are highly significant (P = >0.001). The 
differences between animals in the 75 mg./ 
kg. group and the untreated group were 
found to be significant at the 5 per cent con- 
fidence level. 


The variation in anthelmintic efficiency of 
the compound against the species of nema- 
todes present in the lambs is shown (table 
4). In table 4, the two species of Ostertagia 
were combined and Haemonchus was 
omitted, since this genus represented less 
than 1 per cent of the population in the 
untreated group. 

DIscUSSION 

In contrast with the experience of Baker 
et al.,1 in which they reported a 50 per cent 
incidence of intoxication, which was mild 
and transitory except for 1 animal, none of 
the animals in this trial showed any evi- 
dence of toxicosis due to the treatment. This 
finding supports the results of Radeleff and 
Woodward,’ who reported that a closely 
related compound was much less toxic to 
sheep than to cattle. 

In general, the results reported here are 


TABLE 2—Average Total Worm Count and Percentage of Efficiency of Treatment in the 


Abomasums and Small Intestines of Lambs 


Efficiency Small Efficiency Efficiency 
Group Abomasum (%) intestine (%) Total (%) 
1 (200 mg./kg.) 116 91 18 98 134 93 
2 (75 mg./kg.) 643 48 246 67 889 55 
3 (no treatment) 1,241 wed 755 1,996 nde 


The relative abundance, in percentage of 
the total population, of the various species 
of nematodes encountered in the abomasums 
and small intestines of the lambs is indi- 
eated (table 3). Specific identifications 
were made on male trichostrongylids; fe- 
males were then assigned to a particular 
species on the basis of relative abundance 
of the males. This necessarily requires the 
assumption that sex ratios of the species 
within a genus are the same. 


TABLE 3—Percentage Distribution of Species of 
Nematodes in the Abomasums and Small Intestines 


of Lambs 
200 75 No treat- 
Species mg./kg. mg./kg. ment 

Abomasum 

Ostertagia circumcincta 56 72 64 

O. trifurcata 4 9 23 

Trichostrongylus axrei 40 18 6 

T. vitrinus 0 0 7 

Haemonchus sp. 0 1 0 
Small intestine 

T. vitrinus 12 33 45 

T. colubriformis 12 27 7 

Strongyloides papillosus 58 29 30 

Nematodirus filicollis 9 7 6 


N. spathiger 9 4 12 


comparable with those reported by Baker 
et al.’ This drug appears to be significantly 
more effective against the species of nema- 
todes inhabiting the small intestine than 
it is against those found in the abomasum. 
On the whole, at the rate of 200 mg./kg. 
of body weight, it is more efficient against 
the species of Trichostrongylus than it is 
against the species of Ostertagia. A notable 
exception is 7. arei, which was only poorly 
controlled by the higher dose and appar- 
ently was not affected by the 75 mg./kg. 
dose level. No explanation of this result can 
be offered on the basis of the experiment 


TABLE 4—Percentage Anthelmintic Efficiency by 
Species in the Abomasums and Small Intestines 


of Lambs 
Species 200 mg./kg. 75 mg./kg. 

Abomasum 

Ostertagia spp. 94 52 

Trichostrongylus axei 38 0 

T. vitrinus 100 100 
Small intestine 

T. vitrinus 99 76 

T. colubriformis 96 0 

Strongyloides papillosus 95 69 

Nematodirus filicollis 96 62 

N. spathiger 98 KY 
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and it should be subjected to further 
investigation. 

It is of interest that Herlich and Porter ® 
reported Bayer 21/199 to be highly efficient 
in removing Strongyloides papillosus and 
that their results parallel those obtained in 
this trial. As these authors pointed out, 
this was, ‘‘ . . . the first experimental evi- 
dence of highly effective anthelmintic 
activity resulting from a single oral ad- 
ministration of a drug against any species 
of Strongyloides.’’ 


In the trials which have been reported on 
the anthelmintic activity of the organic 
phosphorus compounds, species of the genus 
Nematodirus have not been affected at any 
dose level employed.*-* This is in contrast 
with the experience reported here, in which 
the degree of control of Nematodirus was 
excellent at the 200 mg./kg. level and rea- 
sonably satisfactory at 75 mg./kg. (table 4). 

Although the lower dose level produced 
somewhat erratic results, the over-all effi- 
ciency was comparable with that reported 
for commercial phenothiazine preparations 
when used under similar conditions.*»* In 
the experience of the authors, the degree of 
efficiency attained with the higher level of 
administration is far superior to that ob- 
tained with commercial phenothiazine prep- 
arations and is comparable with a 625 to 
1,250 mg./kg. dosage of fine-particle puri- 
fied phenothiazine. 

These results, and those reported by other 
investigators, suggest that this class of com- 
pounds offers considerable promise as an- 
thelminties for use in ruminants and pos- 
sibly other species of animals. Their spec- 
trum of activity is broader than other 
drugs, such as phenothiazine, and they are 
generally efficient at much lower levels of 
administration. However, the problem of 
toxicity must be investigated further before 
definite recommendations for use can be 
made. 

In the experience of the authors, the in- 
cidence of intoxication resulting from cho- 
linesterase inhibition can not be predicted 
with accuracy. Severely parasitized and 
debilitated cattle, for example, may show 
no evidence of the toxicity of Bayer 21/199 
when it is given at the rate of 20 mg./kg., 
whereas animals from the same herd in 


much better physical condition may show 
an incidence of intoxication of 30 per cent 
or more when they are given the same dose. 
Although the compound used in the pre- 
ceding experiment appears to be somewhat 
less toxic for cattle than Bayer 21/199, 
in the authors’ experience (unpublished) 
much more information is required in order 
to understand this problem. 


SuMMARY 


An organic phosphorus compound, Dowco 
105, was found to have marked anthelmin- 
tie activity against most species of nema- 
todes in the abomasum and small intestine 
of lambs. A dosage rate of 200 mg./kg. of 
body weight gave an over-all anthelmintic 
efficiency of 93 per cent. When the dose 
was reduced to 75 mg./kg., anthelmintic 
efficiency dropped to 55 per cent. 

It is considered that compounds of this 
class show promise as anthelmintics for use 
in ruminants and possibly other species of 
animals. 
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Increases in the Frothing of Samples of Ruminal Digesta 
Following the Addition of Certain Nonvolatile 
Organic Acids of Legumes 


R. E. NICHOLS, D.V.M., Ph.D., D.V.Sc., and KATHERINE PENN, B.A. 


Madison, Wisconsin 


AN EXTENSIVE TRAPPING of gas in froth in 
the rumen, with its consequent inhibition 
of the elimination of sufficient gas by eruc- 
tation to maintain normal pressures in the 
rumen, is receiving greater consideration 
as the probable reason for the development 
of legume bloat. 

The production of gas from ruminal di- 
gesta and the process of frothing are results 
of normal digestion. The normal ruminant 
can eructate volumes of free gas far in 
excess of what is normally produced on any 
known feeding regimen. If, however, the 
gas of an active gas-producing ruminal di- 
gesta is retained in rapidly increasing 
amounts in froth which becomes increas- 
ingly more stable during the same period, 
the eventual result is the failure of the 


retained, therefore, until factors which de- 
termine the breaking rate of the froth 
exceed those which determine its rate of 
production. Death may occur during the 
period of froth production if withstandable 
pressures within the rumen are exceeded. 
t is necessary to define the reasons for the 
trapping of gas if a final definition of the 
cause of legume bloat is to be written. 

One of the many factors which contribute 
to an increase of the volume of a froth is 
the rate of formation of bubbles. Gas must 
be produced to make the bubbles of the 
froth. If gas can be produced with sufficient 
rapidity in ruminal contents, it could in- 
crease the maximum volume of froth pro- 
duced even if froth-breaking rates were 
normal at the onset of gas production and 


TABLE 1—Comparison of the Means of the 60- and 120-Minute and Maximum Controls and 

the Means of the 120-Minute and Maximum Values of Froth Gas, Froth, Gas, Free Gas, and 

Liquid of Ten 50-ml. Samples of Filtered Ruminal Fluid with Concentrations of Organic Acids 
Added to a Final Concentration of M/100 


Time (min.) Froth gas Froth Gas Free gas Liquid 
Control 60 3.5 12.6 7.0 3.5 40.9 
Malonic 59 (m) 11,6** 12.9** 44.1** 
Malic 65(m) 12.1** 14.1¢* 2.0 44.5** 
Citric 54(m) 14.0** 19.8** 44.2** 
Succinic 65(m) 9.6** 15.8* 12.9** 3.3 43.8** 
Control 120 5.9 12.6 11.5 5.6 43.3 
Malonic 120 6.0 11.2 21.3** 15.3** 44.8* 
Malic 120 6.4 12.1 22.9** 16.5** 44.3 
Citric 120 5.8 10.7* 26.3** 20.5** 45.1** 
Succinic 120 6.7 11.8 19.3** 12.6** 44.9** 
Control 155(m) 6.3 12.9 12.7 6.4 43.4 
Malonic 59(m) 12.3** 12.9 1.6** 44.1 
Malic 65 (m) 13.1** 14.1 2.0** 44.5 
Citric 54(m) 14.0** 19.8** 15.7 A abel 44.2 
Succinic 65 (m) 9.6** 15.8* 12.9 3.3** 43.8 


Values are given in milliliters. 
* significant at 5 per cent. 


pressure-release mechanisms of the rumen. 
Ruminants which normally eructate free 
gas to release pressure will not eructate 
froth. The gas of the froth continues to be 
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(m) = time of maximum increase in volume of sample or maximum FG. 
** significant at 1 per cent. 


even if the volumes of gas produced at the 
time of maximum frothing were not greater 
than normal. Any factor which may be 
present at the onset of rapid gas production 
or which may develop during such produc- 
tion and which lengthens froth-breaking 
times also contributes to a larger volume of 
froth. For example, the feeding of fresh 
legumes results in more viscous prefeeding 
ruminal contents than the feeding of alfalfa 
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hay. Surface tensions of ruminal contents 
are increased also by the feeding of fresh 
legumes.!* 

Rosen et al.* demonstrated that the addi- 
tion of certain organic acids, i.e., citric, suc- 
cinic, malic, and malonic acids, to samples 
of active ruminal digesta in Warburg flasks 
resulted in an increased rate of production 
of COs. Eluted portions of extracts of leg- 
umes, chromatographically similar to these 
acids, produced COs in a similar manner. 
Many other metabolic compounds and simi- 
larly prepared extracts of nonlegumes in 
similar concentrations failed to produce 
COz with such rapidity. Increased frothing 
of samples of ruminal digesta was observed 
during the production of COs but was not 
measured at the time. 


MATERIALS AND METHODS 


On ten different days, samples of strained rumi- 
nal fluid were taken from the same region of the 


Tit CONFINING 
FLUID 


Fig. 1—Apparatus for measuring gas production 
by a sample of ruminal contents. 
As gas is formed in the sample, the pressure in the 
closed portion of the apparatus (designated “gas’”’) 
increases, allowing some of the confining solution 
in the upper container to gravitate into the grad- 
uated cylinder (right) below. The amount of 
confining fluid entering the graduated cylinder rep- 
resents the amount of gas produced under these 
conditions. Measurements of gas formed by samples 
to which the organic acids have been added are 
always compared with those of untreated portions 
of the same samples as controls. 
The cylinder containing the sample is also gradu- 
ated, allowing measurements of the increases in the 
volumes of the samples due to froth gas produced 
by the formation of bubbles within the samples. 
The amount of froth which comes to the surface of 
the sample is measured by subtracting the volume 
of separated liquid of the sample from the total 
volume of the sample. 
The plotting of frequent readings of the total 
expansion of the sample will yield measurements 
of maximum froth gas. 


rumen of the same fistulated cow 30 minutes after 
the morning feeding of alfalfa hay. A 50.0-ml. 
portion of each sample was retained as a control. 
To a similar 50.0-ml. portion was added a quantity 
of one of the previously mentioned acids, calculated 
to equal a final concentration of M/100 and capable 
of releasing 11.2 ml. of COs. The quantities added 
were 26.0 mg. of malonic, 33.5 mg. of malic, 32.0 
mg. of citric and 29.5 mg. of succinic acids. Each 
portion of each sample was incorporated immedi- 
ately into an apparatus (fig. 1) for measuring gas 
produced by the sample. The following measure- 
ments (in ml.) were made at intervals of 5, 15, 30, 
60, 90, and 120 minutes; some also at 150 and 240 
minutes: volume of froth gas (FG), or the in- 
crease in volume of the sample; volume of froth 
(F), or the amount of froth floating on the liquid 
of the sample; and volume of gas (G) or the 
amount of displaced confining fluid. The following 
were ascertained for each portion of each sample 
also: maximum volume of froth gas, or the maxi- 
mum increase in volume of the sample before the 
froth began to break; maximum volume of froth, 
or the amount of froth at the time of maximum 
increase in volume of the sample; volume of gas 
at the time of maximum increase in the volume of 
the sample; free gas or G— FG; free liquid (L), 
or 50+ FG —F; and analyses of appropriate mean 
differences. 


RESULTS 


Examination of the means (table 1) in- 
dicates that the added acids produced: 

1) Increased maximum volumes of froth ; 
17.2, 17.6, 19.8, 15.8 vs. 12.9 ml.; 

2) Earlier maximum volumes of froth; 
59, 65, 54, 65 vs. 155 minutes ; 

3) Increased maximum volumes of froth 
with no significant increases in the volumes 
of gas produced at the times of maximum 
frothing ; 12.9, 14.1, 15.7, 12.9 vs. 12.7 ml. ; 

4) Maximum frothing before evidence 
of completion of the final increases in vol- 
umes of gas which might be expected to re- 
sult from a simple release of COs (11.2 ml.) 
from the acids added; 21.3, 22.9, 26.3, 19.3 
vs. 11.5 ml. 


SUMMARY 


Quantities of malonic, malic, citric, and 
succinic acids equivalent to a final concen- 
tration of M/100 added to 50-ml. portions 
of strained fresh ruminal fluid increased 
the rates of formation of froth and thus 
the volumes of froth during the periods of 
more rapid formation of the froth. 
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Radiographic Diagnosis of Mesenteric Abscesses in the Horse 


B. ZESKOV, D.V.Sc.; Z. BRUDNJAK, D.V.Sc.; V. SERTIC, D.V.Sc. 


Zagreb, Yugoslavia 


Amone the different growths which may 
occur in the abdominal cavity of the horse, 
abscesses in the anterior mesenteric root are 
especially significant. 


ETIOLOGY 


The cause of such abscesses has not 
been fully investigated, since isolation of 
the causative agents can be performed only 
at necropsy. Also, in protracted chronic 
conditions, such abscesses might be bac- 
teriologically sterile in consequence of 
autosterilization. 

Findings, up to the present, indicate that 
such abscesses most often represent infec- 
tion with various strains of streptococci, 
among which Streptococcus equi, the causa- 
tive agent of strangles (Adenitis equorum), 
occupies a special position with regard to 
its incidence and importance. It has been 
often observed, in the course of typical 
strangles, that metastases and a spread of 
infection to various parts of the body may 
develop, with a most frequent localization 
in the mesenteric lymph nodes, 7.e., the so- 
ealled ‘‘abdominal strangles.’’ Abscesses in 
abdominal strangles are generally chronic 
and may attain the size of a human head, 
with a wall several millimeters to a centi- 
meter in thickness. 

Abscesses in the mesenteric root may oc- 
easionally be produced by other types of 
bacteria, such as Shigella equirulis (B. 
pyosepticum viscosum equi), which is 
known to cause a septicemia in the horse 
and which has been isolated also from ver- 
minous aneurysms in mature horses. In 
such cases, the presence of abscesses was 
often established on the external side of 
a parasitic thrombus in the anterior mes- 
enteric root. Salmonella typhimurium has 
also been found in many species of animals 
and has been isolated from purulent sub- 
dermal abscesses in foals and from abscesses 
in the mesenteric root in horses. 


From the Veterinary Faculty, University of Zagreb, 
Zagreb, Yugoslavia. Dr. ZeSkov is an assistant in the 
Department of Roentgenology and Physical Therapy; Dr. 
Brudnjak is assistant professor, Department of Infec- 
tious Diseases; and Dr. Sertié is an assistant in the 
Department of Internal Diseases. 


CLINICAL SIGNS 


Such abscesses usually develop in the 
later course of the disease (weeks, months, 
and even years after a case of typical 
strangles) and, in some cases, without any 
earlier sign of disease in the submandibular 
lymph nodes. Rectal examination of the 
mesenteric root reveals an elastic swelling 
of varying size, more or less mobile, and 
which might even fluctuate. The newer the 
process, the greater will be its sensitivity on 
palpation. A careful anamneses usually re- 
veals various digestive upsets, temporary 
diarrhea alternating with hard small ex- 
crement, and signs of constipation. 

Mesenteric abscesses may cause a second- 
ary stenosis of the intestines, due to exter- 
nal pressure, which can activate brief at- 
tacks of colic, particularly if the animal is 
not properly fed. However, a pregnant 
uterus, an enlarged bladder, various tu- 
mors, and hematomas may also give rise to 
secondary stenosis of the intestines. As 
passage through the bowels grows more 
difficult, the animal’s condition gradually 
declines, its body temperature is perma- 
nently raised, and finally purulent peritoni- 
tis may develop as a sequela to perforation 
of the abscess. In rare cases, the contents of 
the abscess may be discharged into the 
lumen of the intestine and the animal may 
recover spontaneously. 

According to Széllés,* primary involve- 
ment of the mesenteric lymph nodes may 
reveal itself by signs of acute gastroenteritis 
of varying degree and outcome. Aside from 
colic, there is tenderness in the region of 
the xiphoid cartilage and restlessness when 
defecating or urinating. Mesenteric ab- 
scesses usually form adhesions to the proxi- 
mal loops of the intestine, other organs, or 
the abdominal wall with, in consequence, 
disturbances of digestion. On the basis of 
his observations in eight clinical cases, 
Sutlié 7 pointed out that involution of atyp- 
ical forms of strangles, with a localization 
in the mesenteric lymph nodes, may take a 
different course from the formerly accepted 
one. Quite often, swellings of generous size 
(if they do not fluctuate on the surface) 
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Fig. 1—Mesenteric ab- 
scess in the shape of a 
hemisphere. 


Fig. 2—Mesenteric ab- 
scess in the shape of an 
ellipse. 


Fig. 3—Mesenteric ab- 
scess in the shape of a 
cone. 
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may disappear in a relatively short time 
without any treatment, thus implying that 
the lymph nodes do not become purulent in 
every case but that the swelling appears in 
consequence of collateral edema and infil- 
tration with leukocytes. The real cause of 
the disease is often revealed as a chance 
finding at necropsy. 


DIAGNOSIS 


Salmonellosis may be considered in dif- 
ferential diagnosis, but it can be eliminated 
by serological examination. Infectious ane- 
mia is more difficult to exclude because in 
this disease, also, the body temperature is 
raised, the mucosae are pale, the animal 
becomes emaciated, and undefined clinical 
signs are manifested. 

Kovaé * emphasized the value of blood 
counts in horses suffering from strangles 
and concluded that the erythrocyte count is 
reduced during the ripening of the abscess, 
while the number of erythrocytes increases 
parallel with the general improvement of 
the animal’s condition after the abscess has 
opened and the infiltrate has been absorbed. 


Rectal examination is the means not only 
for establishing the presence of mesenteric 
abscesses, but also of ascertaining their 
topographical position, size, form, consist- 
ency, sensitivity, fluctuation, the compres- 
sion of organs, and adhesion to their 
environment. However, quite often only 
the caudal region of the growth can be 
reached with the examining hand. In such 
eases, it is impossible to discover how far 
the abscess extends in the cranial direction, 
whether there are any fluctuations in the 
impalpable part announcing an impending 
perforation, and whether there is any com- 
pression or adhesion in that part. Infre- 
quently, the whole abscess remains out of 
reach of the exploring hand. This induced 
us to endeavor to complement the accepted 
diagnostic procedure with radiographic 
examinations. 


MATERIALS AND METHODS 


Roentgenological dissociation of abdominal or- 
gans in the horse is impossible because of their 
practically equal absorptivity, as well as because of 
the volume of the abdomen; hence the application 
of gas as a contrast in the abdominal cavity seemed 
a reasonable procedure. Artificial pneumoperito- 
neum as a method of choice for obtaining better 
selectivity in the abdominal organs has been es- 
tablished for some time in roentgenological diagno- 
sis in small domestic animals** and eattle.’* In 


the case of horses, the method has been adopted 
only in its experimental stage by Luksié.® 

The animal was prepared for artificial pneumo- 
peritoneum by fasting for two to three days. At 
the same time, to evacuate the digestive tract as 
thoroughly as possible, the digestive tract was sys- 
tematically emptied by mild laxatives (magnesium 
and sodium sulfate) and, when the bowel contents 
became mushy, evacuation was accelerated by re- 
peated small doses of carbamyl] choline chloride. 
Before performing rectal examination, epidural 
anesthesia was applied. Finally, it was found use- 
ful to administer a barbiturate (sodium phenobar- 
bital) intravenously or intramuscularly in doses 
of 2 to 5 Gm., thus calming the animal completely. 

Following the method of Luk3ié,° air was in- 
sufflated into the peritoneal cavity through a needle 
by means of an air suction pump combined with a 
filter. The abdomen was punctured on the left side, 
caudal to the last rib and 6 to 8 em. ventral from 
the transverse processes of the lumbar vertebrae. 
The left flank was used in order to circumvent pos- 
sible perforation of the cecum, but only after de- 
termining, by palpation, the exact position of the 
spleen. When the needle pierced the skin, it was 
thrust rapidly into the peritoneal cavity. 

Small horses were insufflated with 10, medium- 
sized horses with 15, and large animals with 20 
liters of air. During insufflation, the respiration 
and pulse rates were checked and the animal was 
closely observed. Horses usually tolerated the in- 
suffation and pneumoperitoneum with equal ease. 

The pulse rate underwent little change until to- 
ward the end of the application, when the pulse 
became somewhat harder. When the diagnostic 
procedure ended, most of the air was released from 
the abdominal eavity. Although untoward sequelae 
were seldom observed, wide-spectrum antibiotics 
were administered to prevent possible complications. 


DISCUSSION 


Under present technical conditions, the 
abdominal organs in the horse can be 
viewed in profile only with the animal 
standing. The radical evacuation of the 
digestive tract and copious insufflation of 
air makes it possible to observe the un- 
changed anterior mesenteric root in the 
form of a transparent band, about 10 em. 
wide, with clear, sharp outlines running 
vertically, ventral to the eighteenth thoracic 
and the first and second lumbar vertebrae. 
Abscesses are contrasted against the light 
pneumatic zone in their entire mass, both 
on screening and on the plate. They vary 
greatly in size ; craniocaudal diameters usu- 
ally range between 10 and 20 em., but may 
be 30 em. The dorsoventral diameter can 
be measured only from the ventral outline 
of the spinal column because the rest is 
covered and ranges, according to our lim- 
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MESENTERIC ABSCESSES IN THE HorsE 


ited experience (8 animals), from 6 to 
20 em. 

Although the shape of mesenteric ab- 
scesses varies greatly, they are projected in 
the pneumatic zone most often as segments 
of a sphere or hemisphere, the base of which 
is located along and in part across the ver- 
tebrae. The greater the vertical diameter 
of the abscess the more it approaches in 
shape a semi-ellipse or a blunt cone, the 
apex of which is directed ventrally. Less 
frequently, mesenteric abscesses are pro- 
jected in the shape of an absolutely regular 
ellipse. The sharp, smooth outlines are most 
often regularly convex. The ventral out- 
line generally presents a more or less de- 
finite waviness with conical or quite irregu- 
lar protuberances. The dorsal outline usu- 
ally can not be distinguished. 

Mesenteric abscesses may extend from 
the fourteenth rib to the fourth lumbar 
vertebra. In accordance with the degree of 
evacuation of the digestive tract and the 
quantity of insufflated air, the ventral por- 
tions of mesenteric abscesses either hang in 
the free pneumatic zone or lie in part 
against the liver, stomach, right dorsal loop 
of the large colon and, in exceptional in- 
stances, some loops of the empty intestine. 

The density of the shadow of such ab- 
seesses corresponds to the soft parts but 
lacks homogeneity. Abscesses are most often 
shadowed where they are covered by the 
spinal column, by the dorsal part of the 
right lobe of the liver, and by the kidneys. 
If the stomach and duodenum contain gas, 
a marked reduction of the shadow in the 
eranioventral part of the abscess may re- 
sult. A similar reduction will ensue in the 
caudoventral part from a gas-filied ceeum 
and from meteorism of the right dorsal por- 
tion of the large colon if they are projected 
across the abscess. In rare cases, particu- 
larly in insufficient evacuation of the di- 
gestive tract, a part of the filled large colon 
may cover the ventral segment of the ab- 
scess. Such a nonhomogenous shadow makes 
it difficult to estimate whether mesenteric 
abscesses contain gas. 

For reasons of economy in practical rou- 
tine diagnostics, fluoroscopy has greater 


value than the far more expensive 
radiography. 


SuMMARY 


The diagnosis of mesenteric abscesses in 
the horse can be based upon rectal examina- 
tion; however, this may be unsatisfactory, 
since it rarely allows for palpation of the 
entire growth. Generally, only the caudal 
portion of the abscess is accessible and some- 
times the whole abscess lies out of reach of 
the exploring hand. 

Radiological examination, accompanied 
by a copious artificial pneumoperitoneum, 
makes it possible to view the size, shape, 
location, and relation toward proximal 
organs of these abscesses, regardless of their 
topographical location. 

The animal is prepared for this examina- 
tion by being deprived of its feed for two 
to three days and by application of mild 
laxatives. After sedation by means of a 
barbiturate, air is insufflated through the 
left flank—10 liters in small horses, 15 liters 
in medium-sized horses, and 20 liters in 
large animals. After the examination, most 
of the air is released. The animals exhibit 
no unfavorable aftereffects. 
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Field Tests on the Efficacy of Piperazine-Carbon 
Disulfide Complex in the Treatment of Foals 
for Gastrointestinal Parasites 


DAVID T. CLARK, Ph.D., and NOLEN D. CONNOR, D.V.M. 
East Lansing and Richland, Michigan 


CriTicAL TESTS and field trials indicate 
that the piperazine-carbon disulfide com- 
plex (Parvex*) is very effective as an as- 
earicide in swine.*:}* This compound was 
shown by Poynter* ® to be an effective 
anthelmintic against Parascaris equorum 
and several small stronglyes when given 
to horses at 100 mg. per kilogram of body 
weight. Field trials! and critical tests with 
grade doses? show that Parvex Suspension* 
has activity in removing P. equorum, Ozy- 
uris equi, strongyles, and stomach bots 
from horses. 

This paper is a report on the efficacy of 
this suspension in removing gastrointes- 
tinal parasites from foals, based on results 
obtained in field trials, and the hematology 
of foals treated with the suspension. 


MATERIALS AND METHODS 


Forty-seven nursing foals, 26 to 147 days old 
and weighing 225 to 485 lb., were allotted to three 
groups of 14 foals and one group of 5 foals, so 
that the average age and age range of the foals 
were approximately the same in each group. The 
animals in each group of 14 foals were given a 
different dosage level of the suspension; group 1 
at the rate of 150, group 2 at 100, and group 3 at 
75 mg./kg. of body weight. The 5 foals in group 4 
served as controls; however, 4 of these foals were 
later given 50 mg. of the suspension per kilogram 
of body weight, and this group of 4 was desig- 
nated as group 4A. The remaining foal (F-6) of 
the original control group was later given 12 ml. 
of carbon disulfide, followed two weeks later by 100 
mg. of the suspension per kilogram of body weight. 
A group of 7 foals, designated as group 7 and 
made up of 2 foals from group 1, 3 from group 2, 
and 2 from group 3, were each given 12 ml. of 
earbon disulfide two weeks after treatment with 
the suspension. 


From the Department of Microbiology, Michigan State 
University, East Lansing, and the Upjohn Experimental 
Station, Richland, Mich., where Dr. Connor is veteri- 
narian-in-charge. 

This work was supported in part by a grant from the 
Upjohn Company, Kalamazoo, Mich. 

* Parvex (a complex of betaine 1-piperazine carbo- 
dithioic acid) and Parvex Suspension (a suspension 
containing 250 mg./cce. of betain 1-piperazine carbo- 
dithioic acid) are produced by the Upjohn Company, 
Kalamazoo, Mich. 


All doses were measured in a glass syringe and 
given by oral intubation, followed by a 250-ml. 
oral water flush. 

Before treatment, the foals and dams were con- 
fined overnight, with water and hay available. On 
the day a group was treated, approximately two 
hours were devoted to collecting fecal samples and 
dosing, and two hours to observing the animals 
after treatment. After dosing, the foals and mares 
were fed, watered, and turned out to pasture for 
approximately five hours. At that time, each foal 
with its dam was placed in a box stall with feed 
and water for 45 hours. An attempt was made to 
collect all feces from each foal during this 45-hour 
period. 

All feces collected after treatment were screened 
through a series of 4-, }-, 7s-inch and No. 40-gauge 
wire meshes. All ascarids, pinworms, grossly vis- 
ible strongyles, and bot larvae were collected from 
the sereens. Species and stage of bot larvae were 
identified. 

Two pretreatment and two post-treatment egg 
counts were made on each foal, using fecal samples 
collected from the rectum. One pretreatment sam- 
ple was collected approximately one week before 
treatment and another immediately before dosing 
an animal. The post-treatment samples were col- 
lected seven to eight days after treatment and 
approximately one month after treatment. The 
number of helminth eggs per gram (e.p.g.) of 
feces was determined by diluting 4 Gm. of feces 
in 56.0 ml. of water in a Stoll flask. One milliliter 
of this mixture was diluted in 1.0 ml. of concen- 
trated sugar solution. One milliliter of the second 
dilution was divided into 0.5-ml. portions, placed 
into two counting chambers, and covered with a 
coverglass. Each egg counted represented 30 e.p.g. 
of feces. This method consistently gave repro- 
ducible counts for Parascaris and strongyle eggs. 

Fecal cultures were made using fecal samples 
collected from 10 foals to determine whether large 
or small strongyle eggs were being passed in the 
feces. 

Duplicate hemograms, leukocyte counts, eryth- 
rocyte counts, hemoglobin determinations, sedi- 
mentation rates, and hematocrits were determined 
on all foals before treatment. Two days after 
treatment, the above determinations were made in 
duplicate on at least half of each treated group. 
Approximately 30 days after treatment, duplicate 
determinations of the above tests were again com- 
pleted on all foals that had not been sold. 
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TABLE 1—Parascaris and Strongyle Egg Count Data on Foals Treated with Piperazine-Carbon 
Disulfide Complex and Untreated Controls 


Pretreatment e.p.g. Post-treatment e.p.g. 
One week Day treated One week One month 
Age when 

Foal treated Pavas- Stron- Paras- Stron- Paras- Stron- Paras- Stron- 

No. (days) caris gyles caris gyles caris gyles caris gyles 

Group 1 (150 mg./kg.) 

3 26 0 90 0 90 0 30 0 210 
18 56 0 0 0 0 0 0 0 360 
12 64 0 90 0 2,430 0 90 0 450 
63 86 0 420 0 840 0 120 0 300 
66 86 180 600 1,140 2,940 0 0 0 90* 

9 103 1,890 750 7,140 980 0 0 0 300 
50 105 450 1,350 600 660 0 30 0 300 
56 107 750 1,950 1,530 1,800 0 90 0 240 
16 109 60 660 0 600 0 60 0 120 
91 116 3,810 1,980 4,590 1,800 0 90 0 450* 

8 117 1,260 2,040 2,880 8,240 0 0 0 120 
73 119 1,530 1,680 1,380 1,860 0 0 me el 
60 121 5,580 5,730 5,940 3,740 0 90 0 90 
58 126 1,800 2,370 2,670 2,340 0 90 Ri a: 

Total ae 17,310 19,710 27,870 23,320 0 690 0 3,030 
Mean 96 1,236 1,408 1,991 1,666 0 50 i) 252 

Group 2 (100 mg./kg.) 

71 39 0 30 0 0 0 0 0 90 

112 51 0 0 30 0 0 0 0 180 
82 69 0 30 0 660 0 30 0 330 
75 112 30 300 0 390 0 0 0 60 

5 94 0 540 960 930 0 0 0 450 
61 86 0 900 90 1,830 0 120 i. (eli 

1 118 180 480 390 930 0 60 0 90* 
51 110 690 330 2,430 1,140 0 0 0 150 
878 112 390 2,010 1,680 5,610 0 60 0 60 
55 115 750 1,230 660 3,000 0 30 0 210 
53 118 330 1,320 840 3,300 0 60 0 120* 

152 120 30 1,020 330 2,190 0 210 0 480 
87L 123 570 4,830 840 5,430 0 210 0 210 
15 124 60 2,820 0 1,470 0 240 0 450* 

Total send 3,030 15,840 8,250 26,880 0 1,020 0 2,880 
Mean 99 216 1,131 589 1,920 0 73 0 240 

Group 3 (75 mg./kg.) 

220 33 0 90 0 150 0 30 0 60 
59 62 0 60 0 150 0 0 elle 
54 17 0 330 0 1,680 0 270 0 210 
72 85 0 60 150 810 0 0 0 270 
13 104 3,420 2,940 9,780 4,500 0 300 0 870 
70 101 90 720 1,080 2,190 0 0 0 150* 
64 110 1,170 2,250 2,280 1,530 0 30 0 210 
69 115 180 870 540 2,760 0 60 0 60 
65 116 240 1,560 420 2,640 0 270 
77 117 510 1,200 690 1,680 0 120 0 270 
67 126 60 540 600 1,950 0 210 nie? tl 
11 127 3,570 990 6,000 2,130 0 360 0 210 
52 127 1,110 1,650 1,230 2,010 0 90 a 

160 142 360 150 3,120 780 0 30 0 240* 

Total Gots 10,710 13,410 25,890 24,960 0 1,770 0 2,550 
Mean 103 765 958 1,849 1,783 0 126 0 255 

Group 4 (no treatment) 

6 108 660 1,860 2,820 1,800 2,370 2,310 2,010 1,620 
78 128 900 2,220 870 2,370 1,950 8,900 2,100 5,280 

4 122 270 1,350 3,870 6,090 1,800 2,250 1,590 6,810 
68 91 120 90 1,530 480 1,020 990 3,000 4,830 

247 48 0 240 0 120 0 210 0 930 

Total nae 1,950 5,760 9,090 10,860 7,140 14,660 8,700 19,470 
Mean 99 390 1,152 1,818 2,172 _ 1,428 2,932 1,740 3,894 

Group 4A (50 mg./kg.) 

78 147 1,950 8,900 2,100 5,280 0 390 0 450 

4 136 1,800 2,250 1,590 6,810 0 1,530 0 3,570 
68 105 1,020 990 3,000 4,830 0 90 0 120 

247 62 0 210 0 930 0 60 0 80 

Total Lion 4,770 12,350 6,690 17,850 0 2,070 0 4,170 
Mean 113 1,193 3,088 1,672 4,463 0 517 0 1,048 


* Treated with 12 ml. CS: two weeks after treatment with the suspension. 
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RESULTS 

Larvae obtained from fecal cultures were 
all species of small strongyles. No larvae 
of large strongyles or Strongyloides were 
found in fecal cultures. 

Piperazine-Carbon Disulfide Complex- 
Treated Foals——Pretreatment and _ post- 
treatment egg counts, obtained on foals 


treated with the suspension and untreated 
controls, and the average number of eggs 
for each group are presented (table 1). 
The most striking change following treat- 
ment was the fact that no Parascaris eggs 
were found in feces collected one week and 
one month after treatment at levels of 150, 
100, 75, and 50 mg./kg. of body weight. 


TABLE 2—Parasites Recovered from Foals Following Treatment with Piperazine-Carbon Di- 
sulfide and Untreated Controls 


G. intestinalis instar G. nasalis instar 


Age when Total 
Foal treated Paras- Stron- 2nd- 2nd- bot 
No. (days) caris gyles* Oxyuris 2nd 38rd 3rd 2nd 3rd 3rd larvae 
Group 1 (150 mg./kg.) 
3 26 0 0 0 0 0 0 0 0 0 0 
18 56 0 10 0 1 2 0 0 0 0 3 
12 64 1 10 0 0 0 0 0 0 0 0 
63 86 3 50 1 6 0 0 0 0 0 6 
66 86 3 25 1 9 1 0 0 0 0 10 
9 103 45 50 4 ® 0 0 0 0 0 ~ 
50 105 13 75 12 6 1 0 0 0 0 7 
56 107 27 25 2 2 1 0 tH) 0 0 3 
16 109 0 10 2 1 0 0 0 0 0 1 
91 116 109 100 0 8 3 1 1 0 0 13 
8 117 36 200 0 0 0 0 0 0 0 0 
73 119 6 50 22 4 0 0 0 0 0 4 
60 121 31 50 114 7 0 0 0 0 0 7 
58 126 18 25 1 0 0 0 0 0 0 0 
Group 2 (100 mg./kg.) 
71 39 22 0 0 0 i) 0 0 0 0 0 

112 51 0 0 0 0 0 i) 0 0 0 0 
82 69 2 10 0 2 0 0 0 0 0 2 
75 112 3 10 0 0 0 0 0 0 0 i) 

5 94 1 50 0 0 0 0 0 0 0 0 
61 86 0 10 0 1 2 0 0 0 0 3 

1 118 5 25 16 3 1 0 0 0 0 4 
51 110 5 25 12 0 0 0 0 0 0 0 
878 112 126 100 0 3 0 0 2 0 0 5 
55 115 12 300 2 0 0 0 tH) i) 0 0 
53 118 4 200 26 5 1 4 0 0 0 10 

152 120 2 100 24 1 1 0 0 0 0 2 
87L 123 127 400 0 0 0 2 0 0 0 2 
15 124 0 50 0 17 4 0 0 0 0 21 

Group 3 (75 mg./kg.) 

220 33 0 10 0 4 0 0 0 0 0 4 
59 62 1 10 0 0 0 0 0 0 0 0 
54 77 0 0 0 0 0 0 0 0 0 0 
72 85 4d 25 0 2 0 0 0 0 0 2 
13 104 49 50 6 6 1 0 1 0 0 8 
70 101 2 100 18 3 9 1 0 0 0 13 
64 110 15 25 10 3 6 1 0 0 0 10 
69 115 3 25 5 1 1 0 0 0 0 2 
65 116 0 0 0 0 0 0 0 0 0 i) 
77 117 12 10 15 2 2 0 0 0 0 4 
67 126 24 10 40 3 0 0 0 i) 0 iy 
11 127 32 50 1 3 4 0 0 0 0 7 
52 127 6 100 65 5 0 0 0 0 0 5 

160 142 118 25 0 5 16 0 0 0 0 21 

Group 4 (no treatment) 
6 108 0 0 0 0 0 0 0 0 0 0 
78 128 0 1 0 0 0 0 0 0 0 0 
4 122 0 0 1 0 0 0 0 0 0 0 
68 91 0 0 0 0 0 0 0 0 0 0 
247 48 0 0 0 0 i) 0 0 0 0 0 
Group 4A (50 mg./kg.) 
78 147 71 400 0 9 15 4 0 0 0 23 
4 136 71 100 31 6 4 5 3 0 0 18 
68 105 22 25 0 0 0 0 0 i) 0 0 
247 62 0 10 0 2 0 0 0 0 0 2 


* Estimate of the number of strongyles recovered by screening. All were small strongyles. 
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TABLE 3—Number of Parascaris and Strongyle Eggs per Gram Feces in Foals Treated with 
12 cc. of CS, per Animal After a Previous Treatment with Piperazine-Carbon Disulfide 


Pretreatment e.p.g. Post-treatment e.p.g. 


One week Day of treatment One week One month 
Foal Paras- Stron- Paras Stron- Paras- Stron- Paras- Stron- 
No. caris gyles caris gyles caris gyles caris gyles 
91 0 90 0 540 0 180 0 450 
66 0 0 0 150 0 30 0 90 
15 0 240 0 810 0 270 0 450 
1 0 60 0 0 0 90 0 90 
53 0 60 0 90 0 60 0 120 
160 0 30 0 270 0 150 0 240 
70 0 0 0 30 0 30 0 150 
Total 0 480 0 1,890 0 810 0 1,590 
Mean 0 69 270 0 116 0 229 


XUM 


The untreated foals continued to pass large 
numbers of Parascaris eggs. Strongyle egg 
counts made one week after treatment were 
considerably lower than pretreatment egg 
counts. The average number of strongyle 
eggs per foal for groups 1, 2, and 3 de- 
creased 97 per cent, 96 per cent, and 93 
per cent, respectively, from average egg 
counts made on the day of treatment ; even 
one month after treatment their egg counts 
remained low. One week after treatment 
of the 4 foals in group 4A, at the rate of 
50 mg./kg. of body weight, the average 
number of strongyle eggs decreased 88 per 
cent of the last pretreatment average, but 
one month after treatment this count in- 
creased to a moderately high level. 

The number of parasites recovered from 
the feces of foals treated with the suspen- 
sion supports the decrease in egg counts. 
The numbers of parasites which were 
recovered from each foal following treat- 
ment is shown (table 2). Parascaris and 
small strongyles were recovered from al- 
most every foal which had positive egg 
counts before treatment, and immature 
Parascaris organisms and small strongyles 
were recovered from several of the youngest 
foals which had negative egg counts before 
treatment. Adults of Oxyuris organisms 


were passed by foals in all treated groups, 
and in several instances the number passed 
was high. Stomach bots were recovered 
from the feces passed by foals in all treated 
groups. Nearly all of the bots were Gastero- 
philus intestinalis, but a few Gasterophilus 
nasalis organisms were recovered. Second 
instars, second instars in eedysis, and third 
instars were found; however, only a few 
were mature third instars. Only 1 small 
strongyle and 1 Oxyuris organism were 
found in feces passed by the untreated 
foals. 

Seven Foals Treated with CS, After a 
Previous Treatment with Piperazine-Car- 
bon Disulfide Complex.—Pretreatment and 
post-treatment egg counts for the 7 foals 
treated with CS. after a previous treat- 
ment with piperazine-carbon disulfide com- 
plex, and the data on parasites recovered 
from their feces, are presented (tables 3, 
4). The egg counts made one week before 
treatment with CSo were the same counts 
made one week after treatment with the 
suspension. No Parascaris eggs were found 
in this group before or after treatment 
with CS.o, and no Parasecaris adults were 
passed in the feces. The average number 
of strongyle eggs remained approximately 
the same after treatment as before treat- 


TABLE 4—Parasites Recovered from Feces Following Treatment with 12 cc. CS. per Animal 


G. intestinalis instar 


After a Previous Treatment with Piperazine-Carbon Disulfide 


G. nasalis instar 


Total 
Foal Paras Stron 2nd- 2nd- bot 
No. caris gyles Oxyuris 2nd 3rd 3rd 2nd 3rd = 3rd larvae 
91 0 0 0 0 0. oO 0 0 0 C1) 
66 0 0 0 0 0 0 0 0 0 0 
15 0 0 0 1 0 0 0 0 0 1 
1 0 0 0 0 0 0 0 0 0 0 
53 0 0 1 1 0 0 0 0 0 1 
160 0 0 0 1 0 0 0 0 0 i 
70 0 0 0 3 0 9 0 0 0 3 
Total 0 0 1 6 0 0 0 0 0 0 
0.1 09 O 0 0 0 0 v.9 


REs. 
RT. 
AM. 
May, 
Conn ll stron 
IN D. § 
anp NoLe 10 adult si adult and 
CLARK nd 1 uris the 
VID h a One Oxy lis were 
ment wit passed. intestina "the 
yere G. ym 
les w instar d fre 
soso 6 parasite t with 2,370 
treatmen 6) which counts 0 1,620 
after ] (F- t egg 0 and 1, 
g28| 222 The foa treatmen and 1,99 k after 
x 2 10 aras f feces. >. rasca r 
d 2,0 0 f Par afte 
an le e.p.g. ber 0 weeks 
pee ngy num hree e.p.g. 
strong the t t scaris 
25 s $533 lropped here were rere Tecov ent, the 
; nt t 1s Ww treatm 
trea It ase k afte to app 
BAS aon. Six adu One wee dropped nt count. 
a’ 2 feces. int atment om 
e cor etrea d fr 
the yle egg he pr 2overe d 
yie alf t 2 reco econ 
strong) ha were ism, 3 se 
E © Jo sma Oxy In ecdy -overe 
€ No . One Ox, istars ere reco d 
N 2 feces. -ond in: inalis we inistere 
the 4 second stinalis administe t 
thir he sus g./kg. bove 
Whe » of 1 after the is org 
3335 at the rate wo weeks Parascar Gg intes- 
at t F-6 t adu instar G. ‘nalis 
be al 6a 1S 
° 12 19 foa liv tina 
nent wi inworms, istar G. ; No egg 
ilis, and 2 1 from th ig treatme 
eo were ere mé itowa 
> Sag ension. ‘vations. —N foals imm r 
ar the susp Observa in the f nsion no 
a3 35388 Clinical the suspe hich the 
of ions wer ing wi in or- 
tely afte 45-hour The foals nor- 
“3 during the ollected. Their feces v »mewhat 
onr ( rere @ ll be m- 
=) Aaa 2CceS W 5 ey to e nu 
~ 7 fec ate enc) 
asses a4 excep ls isms a 
be SSSes al ex se foal: yanisms 
g=| 333s mal e those is org ed. bon 
= YAS ft in asearis curred. 2arbo 
oi Five of t ved signs ing the gered 
Sel gals ide show ss duri They stag 1s- 
Sass sass sare! disulf weakness nent. ‘a few mt 
> ; scular ing treatn 1 had a and 
5° S33: 3822 hours fo shen “shoulder ‘These sign 
< | ightly when in the ling. 
< “ow slightly 10rs standl rs. 
@ a tren ; when st 1 ten hou ; for the 
=) sane @10ns ss thar ams re 
hip reg d in les: hemogr roup a 
Sdeda dade isappeare The ated gt ificant 
° é 5 4 
” group table 5. ytes, 
a rthroe} Ss, or 
< > aye d cell volu ny of the for the 
lobin, counts 7, how r tre 
bE ons g ial ¢ lency, ve afte a 
nt ae f ve 
differe s a ten to impro lenoted 
=] ae yas ( e i 
48 e Ww ate as ¢ avuy 
BS Ther tion r nsion re he 
= ° é > 0 
ment wi to she 
men rate. van 
asl 
o~ = 
oe 
Alas 


XUM 


A 
M 
i 
t 
n 
h 
Ww 
u 
0 
p 
p 
b 
0 
tl 
Ci 
p 
re 
a 
0 
b 
a 
] 
e 
1 
t 
Ss 
0 
t 
n 
a 
a 
i 
t 
ti 
a 
€ 
e 
( 
e 
Ci 
t 


XUM 


Am. J. Ver. Res. 
May, 1959 


TREATMENT OF FOALS FOR GASTROINTESTINAL PARASITES 


457 


increase in the packed cell volume after 
treatment and expulsion of the worms. 
All of the hematological findings re- 
mained within normal limits, except a few 
high leukocyte counts that were associated 
with either purulent nasal discharge from 
upper respiratory infection or injuries. 


Discussion 


The very effective removal of Parascaris 
organisms from foals treated with the sus- 
pension of piperazine-carbon disulfide com- 
plex at 50, 75, 100, and 150 mg./kg. of 
body weight is in agreement with results 
obtained by others when using this 
compound in horses. The recovery of im- 
mature ascarids from feces following 
treatment is of importance, since the worms 
can be removed from foals at an early age. 
Also, the passing of ascarid eggs could be 
prevented with strategic treatment. The 
early removal of ascarids along with early 
removal of stomach bots should reduce any 
adverse effects these parasites might have 
on the host. 

The effective removal of small strongyles 
by suspension at dosage levels of 75, 100, 
and 150 mg./kg. is in agreement with pre- 
vious tests.245 The 50 mg./kg. dosage 
level did not show sufficient efficacy to be 
considered as a recommended dosage. 


The data indicate that the suspension is 
effective in the removal of Oxyuris at 75, 
100, and 150 mg./kg. of body weight. Al- 
though pretreatment data concerning this 
species are not available, the large numbers 
of adult Oxyuris organisms recovered from 
the feces (table 2) indicate high efficacy. 
Treatment at 50 mg./kg. caused the re- 
moval of 31 Oxyuris organisms from 1 foal 
and none from 3 foals; therefore, it is diffi- 
cult to assess the efficacy of the suspension 
at this level. Only 1 Oxyuris organism 
was recovered from feces passed by ani- 
mals in the control group, which strongly 
indicates that the worms passed by the 
treated foals resulted from the treatment 
with the suspension. These results ob- 
tained on removal of pinworms are in 
agreement with the observations of Drudge 
et al.,* who found this suspension to be 
efficacious against adult pinworms. 

Since the data obtained on removal of 
Gasterophilus larvae are not based on criti- 
eal studies, it is difficult to assess the effi- 
cacy of the suspension on bots; however, 
the foals treated with the suspension at all 


four dosage levels passed larvae of several 
instars, while the control foals passed no 
bot larvae. The foals treated with CS. 
after a previous treatment with the sus- 
pension passed a total of only 6 second 
instars of G. intestinalis. It is probable that 
these latter larvae had developed to this 
stage after treatment with the suspension. 
The fact that no older bots were removed 
by CS. indicates that the previous treat- 
ment with the suspension removed most 
of the bots present in the stomach. Con- 
versely, in foal F-6, the suspension caused 
the removal of ascarids, pinworms, 4 sec- 
ond instar G. intestinalis larvae, and 2 
third instar G. intestinalis larvae after a 
previous treatment with CS. The third 
instars removed by the suspension in this 
case were present in the host when treated 
with CSo, but were not removed. 


SUMMARY 


Piperazine-carbon disulfide complex 
(Parvex Suspension) was found to be non- 
toxic to foals when administered at the rate 
of 150 mg. per kilogram of body weight, 
and no blood changes were observed fol- 
lowing this treatment. 

This suspension was shown to have 100 
per cent efficacy in the removal of Paras- 
caris equorum at dosages of 150, 100, 75, 
and 50 mg./kg. of body weight. Both ma- 
ture and immature ascarids were removed. 

The suspension given at the rate of 150, 
100, and 75 mg./kg. of body weight showed 
high efficacy (93 to 97%) against small 
strongyles. The same dosages caused adult 
Oxyuris organisms to be passed. 

Second and third instars of Gastero- 
philus intestinalis and Gasterophilus na- 
salis were effectively removed by the sus- 
pension when given at the rate of 150, 100, 
and 75 mg./kg. of body weight. 

Treatment of foals with CS. after being 
treated with the suspension did not remove 
a significant number of parasites, but treat- 
ment with the suspension after a previous 
treatment with CS» resulted in the removal 
of ascarids, pinworms, and bot larvae. 
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Western Equine Encephalomyelitis Virus in Tissue Culture 
and Color Test Titration of Virus and Its Antibodies 
in Ehriich Cells 


BERNARDO EPSTEIN, Dr. ivied. Vet. 


Buenos Aires, Argentina 


WESTERN EQUINE ENCEPHALOMYELITIS (WEE) 
virus has been shown to be cytopathogenic 
for HeLa ecells® and to produce plaques 
in a monolayer of chicken embryo fibro- 
blasts.' In the present experiments, WEE 
virus was studied in cultures in Ehrlich 
carcinoma cells, HeLa cells, and guinea pig 
cells. Virus and antibody titrations were 
readily achieved by the adaptation of the 
color test 2-4 to the wEE-Ehrlich cell system. 


MATERIALS AND METHODS 


Cultures of Ehrlich cells and HeLa cells were 
cultivated in flasks or tubes, using Melnick’s me- 
dium (0.5% lactalbumin enzymatic hydrolysate and 
Hank’s balanced salt solution) contaiaing 20 per 
cent normal horse serum. Cells from trypsinized 
guinea pig kidneys were grown in Melnick’s me- 
dium containing 5 per cent normal calf serum. 
Cultures were ineubated at 37C. in stationary 
tubes placed in a slightly inclined position until 
the cells covered the lower third of the tubes. 
After 72 hours, the original medium was replaced 
by 5 per cent normal horse serum with Melnick’s 
medium containing Earle’s solution. 

Cultures of both HeLa cells and Ehrlich earci- 
noma cells were prepared by removing the nutritive 
medium and adding 0.3 per cent trypsin solution 
at 36C. The cells were then dispersed with a 
serological pipette and centrifuged for eight min- 
utes at 500 r.p.m. The supernatant trypsin solution 
was removed and the cells were resuspended in the 
nutritive medium. Cells were counted in a Neu- 
bauer chamber, and the desired concentration was 
transferred to new tubes with the aid of the Corn- 
wall apparatus or by pipetting. Tube cultures of 
the continuous line cells were seeded with 35,000 
Ehrlich cells or 100,000 HeLa cells; 250 units of 
penicillin, 250 ug. of streptomycin, and 100 units 
of mycostatin per milliliter were added. 

Virus——A stock of an Argentine strain of WEE 
virus was used as a 10 per cent phosphate buffer 
suspension of infected guinea pig brain. Four 
tubes of each type were used at each virus dilution. 
Titrations in suckling mice were made by inoculat- 


From the Research Department, Lauda S.A., Buenos 
Aires, Argentina. Dr. Epstein is professor of pathology, 
School of Veterinary Sciences, Universidad Nacional de 
La Plata, Argentina. 

The author thanks Professor Joseph L. Melnick, De- 
partment of Epidemiology, Baylor University, Waco, Tex., 
for his help and advice. 


ing, intracerebrally, 7-day-old mice with 0.03 ce. of 
the virus suspension, using 5 animals per dilution. 

Neutralization Tests—The neutralization tests 
were carried out in cultures of the three types of 
cells. Equal amounts of virus and immune guinea 
pig serum were used. Neutralization was con- 
sidered positive only when the inhibition of eyto- 
pathic degeneration was complete. The amount of 
virus for the neutralization test was 100 t.c¢.d.s0, 
the serum being used at dilutions of 1:5, 1:20, 
and 1:80 in phosphate buffer solution. Equal parts 
were mixed and kept at room temperature for 30 
minutes; 0.1 ec. of each mixture was inoculated 
into each tube. 

Color Test.—The color test was the same as the 
one deseribed by Melnick and Opton,’ except that 
Ehrlich ceils were used. Cell suspensions were pre- 
pared by application of 1:5,000 versene solution. 
The color test was carried out in the following 
manner: 140,000 Ehrlich cells in 0.2 ml. of medium 
were introduced into each tube which already. eon- 
tained the virus-serum mixture, the virus titration, 
or the serum control. All tubes were covered with 
0.9 ml. of sterile liquid petrolatum and incubated 
at 37C. The test was read for five to seven days. 
With large tests, we used the ‘‘ Disposo Tray*’’ as 
described.” 

New 


* Manufactured by Linbro Chemical Co., Haven, 


Conn. 


TABLE i—Color Test Titration (Phenol Red) in 
Versenated Ehrlich Cells 


pH No. 
Titration 7.6 7.4 7.2 7.0 6.8 6.6 positive 
Virus D1ILUTION* 
(negative logarithm) 
2.0 4 0 0 0 0 0 4/4 
3.0 4 0 0 0 0 0 4/4 
4.0 4 0 0 0 0 0 4/4 
5.0 1 0 0 0 0 3 1/4 
6.0 0 0 0 0 0 4 0/4 
7.0 0 0 0 0 0 4 0/4 
ANTIBODY DILUTIONS** 
(reciprocal) 
2 0 0 0 0 0 4 0/4 
4 0 0 0 0 0 4 0/4 
s 0 0 0 0 0 4 0/4 
16 0 0 0 1 1 2 2/4 
32 . 0 0 0 0 0 0 0/0 
64 0 1 2 0 0 1 3/4 
128 0 2 1 0 0 1 3/4 
256 2 1 0 0 0 1 3/4 
512 3 1 0 0 0 0 4/4 


*0.2 mil. virus+ 0.2 ml. cells. tNumerator = No. of 
positive tubes; denominator = No. of tubes inoculated. 
** 0.2 ml. serum + 0.2 ml. 10-* virus + 0.2 ml. cells. 
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inoculated. Osmic acid; x 133. 


RESULTS 


The sensitivity of Ehrlich tumor cells to 
the destructive effects of WEE virus became 
apparent within 18 to 24 hours. The first 
change was retraction of the cells (fig. 1, 2), 
in contrast to cells in uninfected Ehrlich 
culture; next there was loosening of the 
ceHs from the tube walls, and finally com- 
plete necrosis. After nine passages in 
Ehrlich cells, the virus exhibited the same 
titer (10° per ml.) for both Ehrlich and 
HeLa cells. Cytopathiec effects of WEE virus 
for HeLa cells were seen 24 to 48 hours 
after addition of virus. In the twelfth pas- 
sage, titers for guinea pig kidney cells and 
Ehrlich cells were similar. Cytopathogenic 
changes resulted in degeneration of the 
guinea pig kidney cells in 48 hours. 

However, there was an increase in titer 
when tested intracerebrally in mice (107 per 
ml.). At several passage levels, the virus 
was neutralized by its specific antiserum. 

A typical experiment is shown (table 1). 
The same end points were obtained when 
titrations were carried out by reading 
eytopathogenic effects in tube culture 
monolayers. 

Discussion 


Ehrlich tumor cells, guinea pig kidney 
tissue culture, and Hela cells responded 
with cytopathogenicity to WEE virus in 
comparative titrations in tissue cultures 
and proved lethal when inoculated intra- 
cerebrally in mice. 

Ehrlich tumor cells offer advantages for 
the color. technique with wEE and perhaps 


ve 

Fig. 2—Ehrlich’s cells 18 hours after inoculation 
with western equine encephalomyelitis virus. Osmic 
acid; x 133. 


other viruses. They are easy to culture in 
vitro and give a larger yield than Hela 
cells. They adapt well to the pH color test, 
using simple inexpensive nutrient medium, 
and possess a remarkable resistance to spon- 
taneous degeneration in liquid medium. 


SUMMARY 


Results are reported of a comparative 
study of responses to western equine en- 
cephalomyelitis (WEE) virus of Ehrlich 
tumor cells, Hel.a cells, and guinea pig 
kidney cells. 

Cytopathogenic reaction was observed in 
comparative titrations in the different types 
of tissue cultures used with weEE; for the 
three systems of tissue cultures, the virus 
was neutralized by its specific antiserum. 
Ehrlich cells cultured in vitro were found 
to support the propagation of WEE virus. 
They offered advantages for use in the color 
test titration of virus and its antibodies. 
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Studies of the Reflex Control of the Ruminant Stomach 
with Special Reference to the Eructation Reflex 


C. E. STEVENS, D.V.M., Ph.D., and A. F. SELLERS, V.M.D., Ph.D. 
St. Paul, Minnesota 


THE PHASE of digestion which normally 
takes place in the forestomach of ruminants 
is, to a major degree, under the control of 
the autonomic nervous system. Rumino- 
reticular motility, rumination, eructation, 
and even salivation are apparently con- 
trolled through nervous reflexes originat- 
ing partly in the rumen and reticulum. 

This study was directed primarily toward 
eructation and its relationship to bloat. 
However, the importance of each of the 
functions mentioned, as well as their pos- 
sible interdependence, made it desirable 
that they be studied together. 


REVIEW OF LITERATURE 


There is a great deal of evidence indicating that 
ruminoreticular motility, rumination, and eructa- 
tion are dependent on intact vagus nerves. Al- 
though section of either the dorsal” or 
ventral ***"*** vagal trunk has little apparent 
effect on these functions, total vagotomy abolishes 
all three.“ Stimulation of the cervical 
vagus distal to a cut or anesthetized section has 
been shown to increase the rate of ruminoreticular 
contraction, while stimulation of the intact 
dorsal thoracic vagus increases both ruminoreticu- 
lar rate and eructation rate.” 

There is also strong evidence that ruminoreticu- 
lar motility, rumination, eructation, and even sali- 
vation are governed in part by nervous reflexes 
originating in the rumen and reticulum. It has 
been shown that distension of the reticulum in- 
creases its rate of contraction,”*“” while a rise 
in intraruminal pressure increases the rates of 
both ruminal and reticular contraction.” “ There 
is also evidence that afferent fibers for an eruc- 
tation reflex are located in the dorsal thoracic 
vagus.” 

Rumination (regurgitation) has been elicited by 
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the application of friction, pressure, or traction 
to a fairly large area of ruminoreticular mu- 
cosa.” Schalk and Amadon™ believed the cranial 
wall of the rumen was the most sensitive to 
stimulation. 

There is general agreement that eructation is 
normally associated with rumen contraction * 
and that the rate of eructation is increased with 
an increase in the intraruminal pressure.” “ Flu- 
oroscopy of sheep,” “* as well as visual examination 
through the open fistula of cattle,” indicated 
that the reticulum was relatively empty and dilated 
prior to eructation, thus presenting an exposed 
eardia. 

The degree of cardia exposure is evidently quite 
critical. Weiss“ found that cattle, positioned so 
that the cardias were submerged, were less able to 
eructate. More recently, Dougherty “ demonstrated 
the presence of an eructation-inhibition reflex in 
sheep. This inhibition, which is initiated by the 
submersion of the cardia with ingesta or fluid, was 
absent after the application of butacaine sulfate 


to the area around the cardia. 


Dougherty “ also surgically removed most of the 


rumen from decerebrate sheep and then clamped 
off and insufflated the remaining pocket of reticu- 
lum, cardia, and anterior dorsal rumen. He found 
that eructation continued as before, suggesting 
that an important number of the receptors is 
located in this area and that these are stimulated 
by pressure or distension. 

Clark and Weiss®* were the first to observe that 
salivation rate increased following tactile stimu- 
lation around the cardia. These results were sup- 
ported by the work of Ash and Kay,* although the 
latter found that stimulating a rather large area 
of the rumen produced the same results. They 
also observed that salivation rate increased during 
rumination, even when the rumen and reticulum 
were empty. Kay and Phillipson™ reported that 
salivation rate increased and then decreased as 
the intraruminal pressure rose, finally stopping 
altogether at intraruminal pressures of 15 mm. of 
Hg and above. 

Although the existence of these reflexes appears 
to be well established, little is known about the 
type of receptors involved. Relatively little is 
known. about the nerve receptors and reflex mecha- 
nisms associated with the digestive tract, and it 
has been especially difficult to ascribe a specific 
function to the structures that are observed histo- 
logically. Receptors sensitive to both distension 
and contraction have been demonstrated to be 
present in the eat stomach,” ,and the forestomach 
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Graph 1— Record of ovenune events (A) in the 
posterior dorsal sac, anterior dorsal sac, reticulum, 
and cardia. On the cardia trace, eructation is 
recorded as a wave having a notch on the ascend- 
ing limb, deglutition as a more symmetrical wave. 
Signal marker (bottom line) indicates one mark 
as an eructation, two marks as a swallow. Notice 
the occurrence of eructation in conjunction with 
both primary and secondary rumen contractions 
(posterior dorsal sac) and also pressure waves on 
the top three traces simultaneous with eructation. 
Time line, one large division=5 sec.; vertical 
axis, one large division=5 mm. Hg. 


of the goat and sheep.” Iggo isolated five vagal 
fibers in sheep and five in the goat which were acti- 
vated by these stimuli. He further determined 
that the receptors were located near the esophageal 
groove (sheep) or in the anterior wall of the reticu- 
lum (goat). Although volume receptors (receptors 
stimulated by distension but not by active con- 
traction) are described for the simple stomach,” ” 
Iggo found none of this type in his study of the 
goat and sheep. 

Histological examination of either the simple 
stomach or the rumen and reticulum provides little 
evidence for the existence of classic pressure or 
tactile receptors, and no evidence that tension 
receptors of the tendon or muscle spindle type 


ADS PVS 


Fig. 1—The drawing represents a diagrammatic 

cross-section of the posterior esophagus, reticu- 

lum, and rumen. Dotted lines represent some of the 

ruminoreticular branches of the abdominal vagi. 

Nerves supplying the cardia and anterior rumen 
are not indicated. 


A number of workers have 
16, 17, 22 


exist.” traced 
fine fibers to the ‘epithelial cells, and there is 
repeated reference to fine terminal networks of 
fibers in the muscle of both the simple and rumi- 
nant stomach.**** Habel” pointed out that these 
may be sensitive to pressure or tension. Recently, 
Hill * deseribed a fine network of beaded fibers in 
the subepithelial connective tissue of the goat 
rumen. He found these in the region of the pos- 
terior pillar and ruminoreticular fold. 

Most of the present information on visceral- 
visceral reflexes is the result of studies involving 
the cardiovascular and respiratory systems.”* In 
the cardiovascular system and, more specifically, 
in the heart, there is ample evidence that some of 
the receptors present are sensitive to pressure or 
tension, while others are sensitive only to disten- 
sion (volume changes).””*"* It has sug- 
gested that the volume receptors may be the nerve 
networks or arborization first described by Noni- 
dez.* Mitchel” states that fibril nets are com- 
monly seen in the cardiovascular muscle. In the 
heart, their sensory nature is indicated by their 
degeneration following division of the vagus distal 
to the nodose ganglion. Division of the nerve proxi- 
mal to this ganglion has no effect." Furthermore, 
beaded nerve fibers are also common in the primate 
heart." It would appear, therefore, that the prob- 
lem of characterizing ruminoreticular receptors is 
not one of finding structures which could act as 
receptors, but of assigning functions to the strue- 
tures already described. 


been 


MATERIALS AND METHODS 


For the purpose of these experiments, 12 dairy 
cows were each prepared surgically with a rumen 


fistula. All of the following experiments were 
carried out on the unanesthetized animal. Simul- 
taneous pressure recordings were obtained elec- 


tronically* from the posterior dorsal sae of the 


* Four-channel hot-wire recorder 
the Sanborn Co., Cambridge, Mass. 
gauges, 0-75 cm. Hg pressure range, 
Statham, Hato Rey, Puerto Rico. 


manufactured by 
Unbonded strain 
manufactured by 
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was made on a different day. 
standard deviation from the mean. 
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rumen, the anterior dorsal sac of the rumen, the 
reticulum, and the esophagus (approximately 5 em. 
anterior to the eardia). The specific method of 
recording has been described by Dziuk and Sel- 
lers.° In a typical control tracing (graph 1), 
eructation is recorded at the cardia as a rapid 
wave with a notch on its ascending portion, while 
swallowing does not show this. This distinction 
was previously reported by Dziuk and Sellers.” 
Eruetation and swallowing were further distin- 
guished from each other by placing a microphone 
over the pharynx and amplifying the sounds pro- 
duced. It was hoped that the rate of swallowing 
might give some indication of the rate of salivation. 

The fistula was closed during the experiment by 
means of a pneumatic plug and, during rumino- 
reticulum insufflation, nitrogen gas was monitored 
through a flow meter. 

All measurements of rate and amplitude, unless 
otherwise stipulated, were determined by averag- 
ing the values obtained over a five-minute period. 
Insufflation was always continued for 15 minutes, 
or until the intraruminal baseline pressure re- 
mained relatively constant for 5 minutes or reached 
40 mm. of Hg. 

Definition of the terms used in the results and 
discussion are as follows: Ruminoreticular eycle— 
the period from the beginning of one double con- 
traction of the reticulum until the next. Primary 
rumen contraction—the first rumen contraction 
following reticular contraction (actually recorded 
from and refers to the first posterior dorsal sae 
eontraction). Secondary rumen contraction—all 
rumen contractions not defined by the previous 
term (actually recorded from and refers to pos- 
terior dorsal sac contractions). Primary eructa- 
tion—an eructation oeeurring in conjunction with 
a primary contraction of the rumen. Secondary 
eructation—all eructations not defined by the pre- 
vious term. In all eases, exeept where stipulated, 
these occurred in conjunction with secondary ru- 
men contractions. This classification of eructation 
into primaries and secondaries was done to desig- 
nate the stage of the ruminoreticular cycle at 
which each oceurs. It is not meant to imply any 
difference in the character of eructation. 


TABLE i—Normal Values for Pressure Events in 10 Adult Fistulated Dairy Cows 


0.6+0.1 


PROCEDURES AND RESULTS 


Normal Values for Ruminoreticular Mo- 
tility, Eructation, and Swallowing—In an 
initial series of studies, normal values for 
the rate of eructation, swallowing, rumino- 
reticular cycles, and secondary rumen con- 
traction, and for the amplitude of posterior 
dorsal sac contractions were obtained from 
10 adult fistulated animals. Nine were 
grade Holstein-Friesian cows, and 1 (1662) 
was a grade Jersey cow. For each obser- 
vation, the animal was prepared for the 
recording of pressure events, leaving all of 
the original ingesta in the reticulum and 
rumen. A minimum period of 30 minutes 
was allowed for the animal to recover from 
the various manipulations, and this was 
then followed by a 15-minute recording 
period. 

The results obtained from this study of 
the normal ruminoreticular events (table 
1) indieate that (a) a ruminoreticular 
eyele occurred approximately once per 
minute and that approximately one half 
of these cycles contained a secondary ru- 
minal contraction; (b) eructation occurred 
in conjunction with approximately two 
thirds of the secondary rumen contractions 
and 20 per cent of the primary contrac- 
tions; and (c) the ratio of primary to sec- 
ondary eructations differed markedly be- 
tween animals, but in each case the rate 
of secondary eructation was as great or 
greater than the rate of primary eructa- 
tion, with a mean ratio of 2 to 1. 

After the completion of the above series, 
a variety of experimental procedures was 
employed in an attempt to localize rumino- 
reticular receptors. In addition, an at- 
tempt was made in some of the procedures 
to characterize the receptors involved. 


Rumino- 


Animal No. of ——— Sone —_ amp.7 reticular Swallowing 

No. Obs.* Total Prim. Sec. Total Prim. Sec (mm. Hg) cycles/min. rate/min. 
883 4 0.6 0.3 0.3 1.9 1.2 0.7 7.0 1.2 a 
1 , 7 05 0.1 0.4 1.7 1.2 0.5 5.4 1.2 1.3 
1467 5 0.5 0.0 0.5 1.8 1.1 0.7 12.0 1.1 1.3 
1462 11 0.7 0.2 0.5 1.6 1.0 0.6 8.2 1.0 1.2 
1468 2 0.6 0.2 0.4 1.7 1.1 0.6 9.7 1.1 1.5 
1510 2 0.5 0.0 0.5 1.6 1.1 0.5 5.0 1.3 1.0 
1511 2 0.5 0.2 0.3 1.2 0.9 0.3 5.0 0.9 1.5 
1002 2 0.6 0.3 0.3 1.6 0.9 « 0.7 7.5 0.9 1.6 
1611 2 0.8 0.2 0.6 1.8 0.9 0.9 11.0 0.9 0.9 
1662 2 0.7 0.2 0.5 1.9 1.1 0.8 10. eS 1.1 

0.2+0.1 0420.1 1.7202 102+02 06202 82+2.4 1120.2 1.3 + 0.3 


The values for each animal represent the average value determined from separate observations. 
* Each observation represents a measurement over a 5- to 15-minute perio1; each observation on a given animal 


+ Amplitude of posterior dorsal sac contraction. 


** Mean values for the 10 animals and 
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Receptor and Reflex Arc Localization by 
the Stimulation and Procainization of Ab- 
dominal Vagal Nerves.—Three adult fistu- 
lated cows were equipped surgically with 
electrode assemblies. The assemblies were 
similar to those used in previous studies !® 14 
but were applied to the abdominal vagi; 
one to the ventral abdominal vagal trunk 
immediately posterior to the diaphragm 
and the other two in tandem to the dorsal 
abdominal vagus. The latter two were at- 
tached to the nerve dorsal to the cardia 
and 10 em. posterior to this on the ruminal 
branches. As in previous work," the addi- 
tion of an empty polyethylene tubing to 
the electrode assembly allowed for procaini- 
zation of the included nerve section. A\l- 
though the surgical procedure was at- 
tempted on 3 cows, electrodes remained 
successfully attached in only 1 of these 
animals. 

When the abdominal vagal nerves of 
the unanesthetized cow were stimulated by 
means of attached electrodes, it appeared 
that stimulation of the ventral vagal trunk 
increased the rate of secondary rumen con- 
traction and initiated rumination, but had 
no effect on eructation rate. Stimulation 
of the dorsal abdominal vagal trunk at the 
point of attachment of the anterior elec- 
trode markedly increased eructation and 
rumen rates. Stimulation of the main ru- 
minal branches (the point of posterior dor- 
sal electrode attachment) also appeared to 
inerease both eructation and rumen rates, 
although not as markedly as did the stimu- 
lation anterior to this point. 

Procainization of the ventral vagal trunk, 
by means of the electrode assembly, re- 
sulted in an atonie reticulum, while pro- 
cainization of the dorsal trunk appeared to 
markedly decrease the amplitude of rumen 
contraction. Stimulation of the dorsal 
trunk by means of the anterior electrode, 
after injecting procaine onto the main ru- 
minal branches, resulted in an increase in 
eructation rate as great or greater than 
that seen prior to the procainization. This 
would indicate that afferent fibers were be- 
ing stimulated. 

Receptor Localization and Characteriza- 
tion by the Stimulation of Ruminoreticular 
Mucosa.—In a series of 35 experiments con- 
ducted on 5 cows, an attempt was made to 
locate and characterize receptors in the 
rumen and reticulum by the application of 
stimuli to preseribed areas of the mucosal 
surface. The stimuli ineluded electrical 


current, brushing, a water spray, pressure, 
and weights. 

The results of these procedures were 
often difficult to reproduce. There were, 
however, certain fairly consistent findings 
as follows: (1) Simulated tactile stimula- 
tion of the cardia area (brush or water 
spray) increased the rate of ruminoreticu- 
lar contraction, secondary rumen contrac- 
tion, eructation, and swallowing; and (2) a 
local increase in pressure or tension (locally 
applied pressure, lead weights in the com- 
partments, or weighted saddles placed 
across the pillars or folds) increased eruc- 
tation rate when applied to the rumino- 
reticular fold, anterior pillars, or ventral 
portion of the anterior dorsal sac. The 
same stimulus increased the rate of ruminal 
contractions and possibly the ruminoreticu- 
lar rate when applied to the areas men- 
tioned or to the ventral portion of the 
reticulum. 

Receptor Localization by the Application 
of Topical Anesthetics.—In the third series 
of experiments, topical anesthetics were 
applied to the mucosa of the rumen and 
reticulum. The anesthetics used were buta- 
caine sulfate (5-10% solution) and cocaine 
hydrochloride (5-10% suspension in bees- 
wax). These were applied to specified areas 
in a series of ten experiments conducted 
on 5 animals. 

The results from this experimental series 
indicated the following: (1) Butacaine sul- 
fate applied to the cardia area or to the 
posterior one third of the esophagus de- 
creased the rate of swallowing. (2) The 
application of either butacaine sulfate or 
cocaine hydrochloride to an area including 
the cardia and the dorsal walls of the ru- 
men inhibited eructation and the rate and 
amplitude of ruminal contraction. (3) Nei- 
ther anesthetic agent appeared to be effec- 
tive when applied only to the posterior 
dorsal sae wall. 

Receptor Localization by Procaine Infil- 
tration of Specific Areas of the Rumen and 
Reticulum.—The results of the previous 
three experimental series suggested the fol- 
lowing procedure in which specified areas 
of the rumen and reticulum were anesthe- 
tized by the infiltration of procaine hydro- 
chloride. A solution of 4 per cent procaine 
hydrochloride containing 2.5 turbidity re- 
ducing units of hyaluronidase* per milli- 
liter was injected by means of a 14-inch, 


* Pemdase, Pitman-Moore Co., Indianapolis, Ind. 
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24-gauge needle attached to a syringe by a 
3-ft. extension of polyethylene tubing. The 
needle and polyethylene extension were 
then taken into the ruminoreticular com- 
partments through the fistula, while , the 
syringe was handled outside of the animal. 
The injections were made as the needle was 
directed into and then through the wall 
from the mucosal surface. The pattern and 
location of the injection are described later. 
These experiments were carried out after 
the other experiments described for these 
particular animals, because it was feared 
that infections would result. However, no 
functional disturbances were noticed fol- 
lowing these experiments, and at necropsy 
there were no observed lesions due to these 
injections. 

In the first series of experiments, the 
injection was made in a line approximately 
10 em. ventral to the cardia in a horizontal 
plane across the anterior wall of the reticu- 
lum. This was done in an attempt to anes- 
thetize the reticular branches of the ventral 


vagal trunk. The criterion for an effective 
nerve block was the absence or marked de- 
crease in amplitude of reticular contrac- 
tions. Typical records of the pressure 
events occurring before (graph 2) and 
after (graph 3) procainization of this area 
indicate the effect of this procedure on the 
5 animals tested (table 2). Nitrogen was 
insufflated at the same rate before and after 
procainization. 

It would appear that although reticular 
contraction was inhibited or prevented, 
rumen contraction, eructation, and swal- 
lowing were unaffected, except in cow 1462. 
Her eructation rate was increased follow- 
ing the injection, and the intraruminal 
pressure was decreased. 

In the second series of experiments, the 
injection was made into the dorsomedial 
wall of the anterior dorsal sac in an attempt 
to block the ruminal branches of the dorsal 
vagus as they pass over the parietal surface 
in that area. The injection was made in a 
line approximately 25 em. long, perpen- 
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Graph 2—Control records taken before (A) ont dentine (B) insufflation My 15 liters N:/min. 

Rapid oscillations on all traces are due to animal movement. Notice the amplitude of rumen and 

reticular contraction for comparison to figures 3 and 6 recorded the same day from the same 
animal (animal 1511, tables 2 and 4). 
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§ Figures rep- 


experiment. 


+ All of the ingesta was removed from the rumen and reticulum prior to th- 


was removed from the rumen and reticulum prior to the experiment. 


difference. 


|| Significant (P < 0.05) 


resent the mean values of five experiments carried out on this animal. 
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dicular to and bisecting an imaginary line 
drawn between the cardia and the medial 
border of the anterior ruminal pillar. The 
criterion of an effective block was the cessa- 
tion of all contraction of the anterior pillar 
and the area of the rumen posterior to this, 
as determined visually. At this time, the 
rate and amplitude of reticular contrac- 
tion were unaffected. This was in marked 
contrast to the effect of blocking the an- 
terior wall of the reticulum. 

This procedure, for the most part, stopped 
eructation until insufflation was started 
(graphs 4,5, and table 3) Even during 
insufflation, with a single exception, the 
eructation rate was considerably less than 
that seen prior to procainization. In all 5 
cows, intraruminal pressure during insuf- 
flation was much higher following the in- 
jection of procaine. 

In these procainization trials, only 
enough ingesta were removed to allow for 


4o- POST.DORSAL 


the injection of the procaine, with two ex- 
ceptions. Before the experiment, approxi- 
mately one half of the ingesta was removed 
from the rumen and reticulum of cow 1467, 
and all of the ingesta was removed from 
cow 1511. Although it was realized that 
this introduced another variable to the 
comparison of animals (the preinjection 
normals were also taken after ingesta re- 
moval), it did not appear to greatly in- 
fluence the effect of the procedure. Further- 
more, it lent support to the proposition that 
the decrease in eructation rate seen in this 
particular series cannot be satisfactorily 
explained by submersion of the cardia 
alone. Otherwise, the effect of this pro- 
cedure on eructation might be explained 
by the inability to expose the cardia as a 
result of anesthetizing the anterior pillar. 

In a third series of experiments, the pro- 
caine injection was made in a hemielliptical 
line into the ventral one half of the cardia 
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Graph 3—Records taken 15 to 20 minutes di procaine injection ventral to the cardia. Trace 

A was taken before and B during insufflation at 10 liters N./min. Notice reticular contractions 

near right edge of trace A and left edge of trace B, showing a very small amplitude. Rumen 

contractions are essentially the same as those in the control trace (graph 2). Four marks 
(bottom line) designate urination or defecation (animal 1511, table 2). 
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| |. in an attempt to block part of the cardiac 
3 ae sphincter area without blocking the dorsal 
3 p 
1511 were taken before (graph 2) and after 
Sel.| if is (graph 6) the injection described and the 
ae od Pei juss results from the series of 5 animals were 
| tabulated (table 4). Prior to insufflation, 
4 this particular procedure appeared to have 
no consistent effect. However, insufflation 
Ja |fes after the injection resulted in a significant 
| ils increase in the eructation rate as compared 
11°39 with that seen during the insufflation period 
ga! | | fyS prior to injection. There was also a con- 
Or current decrease in the intraruminal pres- 
sure. It was also noticed that eructation 
an en now occurred, at times, dissociated from 
| Son Sn rumen contraction. 
(286 Receptor Localization and Characteriza- 
3 Rey tion by Variation of Intraruminal Pres- 
: | sures } he Physi 
Sia ls Gol sures and by Changing the Physical Char 
+ +1 ll) acter of the Rumen and Reticular Contents. 
welts —The following series of experiments was 
3 Be! | Zo designed in an effort to test, separately, the 
aw co wm effect of chemical, tactile, and tension- 
pressure stimulation. In a series of 12 ex- 
3 | at periments on 7 cows, eructation, degluti- 
| tion, and ruminoreticular motility were 
is Go measured with and without insufflation of 
the rumen and reticulum. The same meas- 
3| 3 lgae urements were then repeated after the in- 
S| 22 at ae gam 
a) gl fa gesta were completely remove n the 
| gest letely removed from th 
. . . 
| rumen and reticulum. In this experiment, 
a =2 82 sa as well as in those deseribed later, a mini- 
Ss & 3. mal period of 30 minutes was allowed be- 
3 £4 tween the time the change was made in 
"| SHE ruminoreticular content and the time meas- 
a) 3 Measurements made with an empty ru- 
| minoreticular vault at atmospheric intra- 
wing) at we ruminal pressure provided a set of values 
| & |$es for the condition in which the chemical, 
22 am Co a a | tactile, distension, and pressure character- 
| @ istics of normal ingesta were absent. A 
wa comparison between these values and the 
values obtained with normal ingesta pres- 
66 SH SO SS Ow ; stati 
3 3 increased above that seen with normal in- 
3 isa ak 
glal 82 gesta, while the rate of swallowing, rumen 
Cm ma oe contraction, and the ruminoreticular cycle 
= 
decreased. This was also true when the 
On intraruminal pressure was raised by in- 
‘32 sufflation with nitrogen. The removal of 
. . 
a 5s8 ingesta also was followed by a decrease in 
ear the amplitude of rumen contraction. 
| Removal of the ingesta allowed the cardia 
cant to be exposed to the gas throughout the 
gs | Yuminoreticular cycle. For that reason, the 
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increased eructation rate, especially dur- 
ing insufflation of the rumen, could be ex- 
plained by additional eructations occurring 
between rumen contractions. However, it 
was found that only 3 of the 7 animals 
(883, 1646, 1662) eructated between con- 
tractions of the rumen, and 1 of these 
(1646) did so only at intraruminal pres- 
sures below 11 mm. Hg. Also, for a given 
rate of insufflation, the complete removal of 
ingesta substantially improved the total 
eructation efficiency in only 1 of the 7 
animals. 

In a separate series of experiments on 5 
cows, the procedure was expanded in an 
attempt to separate the effects of chemical, 
tactile, and pressure-tension stimuli. Meas- 
urements were again made with normal 
ingesta present; then the same animals 
were subjected to specified variations in 
the phyical content of the rumen and retic- 
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ulum and the measurements were repeated. 
However, in this series the effect of vary- 
ing the intraruminal pressure was also in- 
cluded with each of the ingesta conditions. 
First, a series of recordings was made on 
each animal with the normal ingesta pres- 
ent. Each record was taken over a five- 
minute period (at the end of the 30-minute 
interval mentioned) and the mean values 
for the events during that period were de- 
termined. In this ‘‘normal ingesta’’ series, 
a total of 70 such determinations were made 
on the 5 animals, at intraruminal pressures 
varying between atmospheric pressure and 
40 mm. Hg. This procedure was repeated 
for each of the other three conditions of 
altered ruminoreticular content, differing 
only in that the number of determinations 
varied between 25 and 35 for each series. 
After the series of recordings had been 
made on each animal with the original in- 
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Graph 4—Control records taken before (A) and adhe (B) insufflation at 15 liters N2/min. 

Notice rumen and reticular contraction rate and amplitude for comparison to graph 5. Also 

notice eructations in conjunction with primary rumen contractions when animal is bloating in 
trace B (animal 1462, table 3). 
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gesta in the rumen and reticulum, these 
compartments were emptied of their con- 
tents and the ingesta were strained free of 
roughage by means of a sausage press and 
cheesecloth filter. Water, equivalent in 
weight to the removed roughage, was added 
to the fluid portion and the resulting mix- 
ture reintroduced into the organ. Again a 
series of recordings was taken before and 
during nitrogen insufflation. This ‘‘ fluid 
ingesta’’ closely duplicated normal ingesta 
in regard to weight and chemical! constitu- 
ents, differing primarily in the decrease in 
volume (asa contributor to tension stimuli) 
and the absence of roughage (as a source 
of tactile stimulation). 

Following this, 121 ping-pong balls were 
added to the fluid ingesta. Prior to the 
experiment, coarse sand was glued to the 
surface of each ball in an attempt to pro- 
vide a tactile stimulus during contraction. 
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They were observed to form a layer about 
3 inches deep at the fluid-gas interface, and 
during ruminoreticular contraction came 
in contact with the cardia area and most of 
the dorsolateral and dorsal ruminoreticular 
wall. The addition of the ping-pong balls 
was an attempt to provide a source of tac- 
tile stimulation, but in addition resulted in 
an ingesta volume approaching that seen 
with normal ingesta. 

After repeating the recording procedure 
with the fluid plus ping-pong balls present, 
the ruminoreticular contents were again 
removed and a large plastic bag was placed 
in the posterior ventral sac of the rumen. 
Fluid was added to the bag until the sur- 
face of the fluid was level with the dorsal 
border of the anterior pillar of the rumen 
in its uncontracted state. The bag was then 
closed. A final series of recordings was 


taken under this condition, in which all 
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Graph 5—Records taken 10 to 15 minutes after procaine injection into dorsomedial wall of the 

anterior dorsal sac of the rumen. Trace A was taken before and B during insufflation at 15 

liters N:/min. Notice reticular contractions are essentially normal in rate and amplitude; rate 

and amplitude of contraction of dorsal sacs of rumen small. No increases in the rates of rumen 

contraction are seen with increased intraruminal pressure and no eructations as animal starts 
to bloat (B) (animal 1462, table 3). 
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compartments except the posterior ventral 
sae remained free of fluid or roughage and 
in which the resting posterior ventral sac 
contained approximately the same weight 
of fluid as it had in the series with fluid 
ingesta. However, the fluid was contained 
in a plastic bag so that it could no longer 
move and, in addition, provided consider- 
able resistance to compression. Since the 
reticulum and anterior dorsal sac were left 
empty, this condition differed from the 
previous three in both volume and weight 
distribution. However, it provided disten- 
sion of the posterior ventral sac of the 


TABLE 6—Slopes and Intercepts for Rectilinear 
Regressions of Intraruminal Pressure Versus Ru- 
minoreticular Pressure Events 


Ingesta Intercept Slope 


PRIMARY ERUCTATION (rate/min. ) 


Normal ingesta 0.36 + 0.11* 0.0215 + 0.0071 
(0.05, 0.67) Tf (0.0021, 0.0409) 
Fluid ingesta 0.30 0.0135 
Fluid + ping- 
pong balls 0.44 0.0100 
Plastic bag 0.30 0.0100 


SECONDARY ERUCTATION (rate/min.) 


Normal ingesta 0.53 + 0.08 0.0221 + 0.0051 
(0.32, 0.74) (0.0080, 0.0362) 
Fluid ingesta 0.18 0.0280 
Fluid + ping- 
pong balls 0.46 0.0200 
Plastic bag 0.74 0.0215 


TOTAL ERUCTATION (rate/min.) 


Normal ingesta 0.84 + 0.18 0.0474 + 0.124 
(0.34, 1.34) (0.0313, 0.0817) 
Fluid ingesta 0.40 0.044 
Fluid + ping- 
pong balls 0.96 0.023 
Plastic bag 1.40 0.035 


SWALLOWING (rate/min,) 


Normal ingesta 1.83 + 0.09 0.00654 + 0.0063 
(1.07, 1.59) (—0.0109, 0.0239) 
Fluid ingesta 1.21 0.0000 
Fluid + ping- 
pong balls 1.24 0.0070 
Plastic bag 1.09 —0.0080 
RUMINORETICULAR (rate/min.) 
Normal ingesta 1.12 + 0.06 0.0149 + 0.0045 
(0.97, 1.27) (0.0025, 0.0273) 
Fluid ingesta 1.20 0.0085 
Fluid + ping- 
pong balls 1.18 0.0080 
Plastic bag 1.06 0.0070 


SECONDARY RUMEN CONTRACTION (rate/min.) 


Normal ingesta 0.63 + 0.08 0.0169 + 0.0053 
(0.40, 0.85) (0.0023, 0.0315) 
Fluid ingesta 0.32 0.0270 
Fluid + ping- 
pong balls 0.44 0.0260 
Plastic bag 0.50 0.0250 


RUMEN AMPLITUDE (mm. Hg) 


Normal ingesta 8.84 + 0.53 —0.0443 + 0.0353 
(7.37, 10.31) (—0.1410, 0.0524) 
Fluid ingesta 5.4 0.030 
Fluid + ping- 
pong balls 5.9 0.020 
Plastic bag 8.5 —0.065 


* Mean value + one standard deviation. ¢ 95 per cent 
confidence interval for normal value (all experimental 
values falling outside of this interval are underlined). 


rumen and the ruminal pillars, and also 
provided a resistance to the contraction of 
these structures. At the same time, it repro- 
duced some of the characteristics of the 
empty rumen and reticulum (absence of 
chemical stimulation, relative absence of 
tactile stimulation, exposed cardia). 

Sample recordings (graphs 7, 8, 9) were 
taken the same day from the same animal 
under three different conditions of rumino- 
reticular content; normal ingesta, fluid in- 
gesta, and the condition in which a fluid- 
filled plastic bag was placed in the posterior 
ventral sae of the rumen. Also, a recording 
(graph 10) was taken from this same ani- 
mal after the complete removal of all ru- 
men and reticular contents. 

For the graphic representation of these 
data, a rectilinear regression line was de- 
termined for the effect of intraruminal 
pressure on each of the measured pressure 
events, under each of the four conditions 
of ruminoreticular content (graph 11). 
The regression in each case represents the 
values from 5 animals, weighted by animal. 
Rectilinear regressions were chosen after 
first determining that a quadratic, curvi- 
linear regression did not significantly rep- 
resent the relationships. These rectilinear 
regression lines were then redrawn to inter- 
cept at the same point, for slope compari- 
son (graph 12). 

In addition, the variance and 95 per cent 
confidence interval were determined for 
the normal regression line (graph 11) and 
for the slope of the line (graph 12). This 
allowed bases for comparison of the re- 
gressions representing the other three con- 
ditions of ruminoreticular content with 
those representing normal ingesta (table 6). 

It appeared that with normal ingesta 
present, the rate of the ruminoreticular 
cycle, secondary rumen contraction, pri- 
mary and secondary eructation, and swal- 
lowing all increased with an increase in 
the intraruminal pressure. Conversely, the 
amplitude of rumen contraction decreased. 
However, a comparison of the four condi- 
tions of ruminoreticular contents suggested 
that some of these effects were secondary 
to others. 

The amplitude of rumen (posterior dor- 
sal sac) contraction decreased markedly 
when fluid ingesta were substituted for 
normal ingesta and increased only slightly 
when the ping-pong balls were added. 
However, the presence of a smooth-walled, 
fluid-filled plastic bag in the posterior ven- 
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tral sac appeared to give amplitudes close 
to those of normal ingesta. This indicated 
that the stimulus was pressure or tension, 
rather than chemical or tactile. 

Both the ruminoreticular cycle and the 
secondary rumen contractions increased in 
rate with an increase in the intraruminal 
pressure (graph 12). The fact that this 
was true under the four different condi- 
tions of ingesta content suggested that ten- 
sion or pressure was an important stimulus 
for the reflex control of their respective 
rates. However, at atmospheric intrarumi- 
nal pressures, the ruminoreticular cycle 
appeared to be little affected by the various 
changes in the content of these organs, 
while the rate of secondary ruminal con- 
traction was more markedly affected (graph 
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11). Also, when the intraruminal pressure 
was increased, the rate of secondary rumen 
contraction approached the same value, re- 
gardless of the ingesta type present. No 
such compensatory effect was seen in the 
ease of the ruminoreticular cycles when 
the intraruminal pressure was increased. 

The observation that the plastic bag ap- 
peared to improve the secondary rumen 
contractions (at atmospheric intraruminal 
pressures) as well or better than the addi- 
tion of ping-pong balls might indicate that 
the detrimental effect of fluid ingesta was 
not due to the lack of chemical or tactile 
stimulation. The difference may have been 
that the fluid lacked the volume of normal 
ingesta and, therefore, did not provide the 
same degree of distension. 
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Graph 6—Records taken 10 to 15 minutes after injection of procaine into the ventral one half 
of the cardia. Trace A was taken before and B after insufflation. The beginning of the insuffla- 
tion period is designated by the prolonged signal (signal marker, bottom line). Notice the 
reticular contractions appear to be absent, but posterior dorsal sac contractions are present and 
essentially the same as in control trace (graph 2). Eructation becomes rapid, and is seen to 
be dissociated from posterior dorsal sac contraction when intraruminal pressure reaches ap- 
proximately 10 mm. Hg. This result was seen in varying degrees in all 5 of the animals in this 
series (animal 1511, table 4). 
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The fact that increasing the intraruminal 
pressure did not increase the ruminoreticu- 
lar rate as rapidly under the experimental 
ingesta conditions as it did when normal 
ingesta were present indicated some stimu- 
lus was lacking. The slopes of the regres- 
sion lines representing fluid ingesta, fluid 
ingesta plus ping-pong balls, and the plas- 
tic bag were too close together to permit 
any indication of what that stimulus might 


As a general rule, eructation appeared 
to vary directly with the rate of rumen 
contraction. At atmospheric intraruminal 
pressure (table 5), the percentage of the 
secondary rumen contractions accompanied 
by eructation was less with the fluid ingesta 
present (56%) than it was with normal 
In the plastic bag series, 
eructations occurred more often than ru- 
men contractions, but an examination of 
the original records showed that this held 
true for only 1 animal in that series. In the 
experiments on the other 4 animals, the per- 
centage of secondary rumen contactions 
approached 
that observed for normal ingesta. It is 
interesting that this percentage of con- 
tractions accompanied by eructation under 
each of the ingesta conditions correlated 
reasonably well with the amplitude of the 
rumen contractions under those same con- 
ditions. Thus, in this particular series, in- 
gesta conditions giving greater amplitudes 
of rumen contraction were also the ones 
showing the highest percentage of eructa- 


If eructation was dependent on the rate 
and amplitude of rumen contraction, even 
with the cardia continuously exposed to 
the gas, this would suggest that the recep- 
tor for this reflex could distinguish between 
passive distension and active contraction. 

The rate of swallowing appeared to be 
decreased in the presence of fluid ingesta 
and decreased to a greater degree in the 
condition in which the reticulum and an- 
terior dorsal sac were left empty (plastic 
bag series). Further, under the last con- 
dition, the rate of swallowing actually de- 
creased with an increase in the intrarumi- 
If one might assume a 
correlation between the rate of swallowing 
and the rate of salivation, this would sug- 
gest that pressure or tension alone inhibited 
(and a tactile stimulus increased) a sali- 
vary reflex originating in the anterior ru- 
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Effect of Atropine on Eructation.—It 
has been demonstrated by others and in 
this laboratory that systemic administra- 
tion of atropine sulfate inhibits rumino- 
reticular motility and eructation in cattle. 
In the light of Dougherty’s demonstration 
that eructation may be reflexly inhibited 
by the submersion of the cardia with in- 
gesta, atropine conceivably could inhibit 
eructation by preventing exposure of the 
cardia to the intraruminal gas. To test this 
possibility, atropine sulfate was adminis- 
tered intramuscularly at doses of 0.4 mg. 
per pound of body weight. This was done 
in four experiments on 2 cows. Prior to 
each experiment, the rumen and reticulum 
were completely emptied of ingesta. One 
set of experiments was carried out with 
both organs completely empty, and another 
set of experiments was done after the ad- 
dition of a fluid-filled plastic bag to the 
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posterior ventral sac of the rumen. In 
either case, the reticulum was left empty 
and the cardia continuously exposed to the 
intraruminal gas. 

The results of these trials (table 7) in- 
dicated that the administration of atropine 
was followed by a decrease in eructation 
rate at atmospheric intraruminal pressures 
and (with a single exception) during in- 
sufflation. Also, after atropinization, insuf- 
flation resulted in higher intraruminal 
pressures, again with one exception. 

From these results, it would seem that 
atropine inhibited eructation rate by some 
means other than by simply preventing 
exposure of the cardia. Since the effector 
organ (esophagus) is presumably striated 
muscle and the dosage was below that 
known to produce central effects, the atro- 
pine apparently acted by preventing con- 
traction of the ruminoreticular muscle. 
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Graph 7—Records taken before removing normal ingesta from the rumen and reticulum. Trace 

A was taken before and trace B during insufflation at 10 liters N./min. Notice amplitude of 

reticulum and rumen contractions and rate of eructation for comparison to tracings in graphs 
10 and 11, recorded from this same animal the same day (animal 1462, 8-7-56). 
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This would again indicate that the initia- 
tion of the eructatior. reflex depends mainly 
on rumen contraction and the sensitivity 
of receptors to tension rather than to pres- 
sure or touch. 


DIscussION 


A study of the nervous reflexes associ- 
ated with the rumen and reticulum must 
answer, among other things, the question 
of how many types of receptors are in- 
volved and whether two or more functions 
are mutually interdependent. For example, 
the rate of rumen contraction could be 
dependent on the amount of pressure or 
tension on the rumen wall, and eructation 
could be elicited only by contraction of the 
rumen muscle. However, the eructation 
rate would then be dependent, indirectly, 
upon intraruminal pressure. The same 
would be true of a function initiated 
through a tactile receptor, since roughage 


should provide the greatest stimulus dur- 
ing the contraction phase of the organ 
containing it. Therefore, the greater the 
rate of contraction, the more stimulation 
provided. 

A second problem is that of trying to 
characterize receptors by the use of arti- 
ficial stimuli. A test tube brush could 
stimulate tactile, pressure, or tension re- 
ceptors, depending on the force with which 
it was applied to the mucosa, while pres- 
sure applied only to the inner wall of the 
rumen or reticulum would stimulate both 
pressure and tension receptors. 

However, if the following results are con- 
sidered with the above problems in mind, 
there appear to be repeated indications of 
certain relationships discussed below. 

The results of this study indicated that 
the ruminoreticular cycle and the secon- 
dary rumen contractions continued at a 
basic rate, even when the reticulum and 
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Graph 8—Records taken after of normal ingesta with fluid ingesta. 

Trace A was taken before and B during insufflation at 10 liters N./min. Notice decreased 

amplitude of rumen and reticular contractions and decreased number of eructations during 
insufflation, compared to graph 7 (normal ingesta) (animal 1462, 8-7-56). 
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rumen were entirely empty. Both fune- 
tions showed an increase in rate with an 
inerease in the pressure or tension on the 
forestomach walls. However, in addition, 
the rate of ruminoreticular contraction 
appeared to be influenced by other stimuli 
from this area. The results of the series of 
experiments on local stimulation of the 
ruminoreticular mucosa suggested that the 
rate of this cycle may also be under the 
influence of tactile stimulation. 

Since stimulation of the ruminoreticular 
mucosa in the area of the cardia appeared 
to increase the rate of ruminoreticular con- 
traction, this would suggest that an im- 
portant number of receptors for this reflex 
was located here. Local stimulation or 
anesthetization of the rumen mucosa 
seemed to have little effect on the cycle. 
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Stimulation of either the ventral or dor- 
sal abdominal vagus and stimulation of the 
cardiac mucosa increased the rate of sec- 
ondary rumen contraction. However, this 
rate was also markedly increased by stimu- 
lation of the ruminal nerves or local pres- 
sure on the mucosa of the posterior rumen, 
and markedly decreased by procainization 
of ruminal nerves or the topical applica- 
tion of anesthetic to the dorsal rumen mu- 
cosa. This indicated that an important 
number of receptors for a reflex influenc- 
ing the rate of rumen contraction was lo- 
cated in the posterior saes of the rumen. 

These results agreed with the findings 
of other workers that eructation occurs in 
conjuction with rumen contraction.® 1:41 4 
It was further observed that any procedure 
which affected eructation rate almost in- 
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Graph 9—Records taken after removal of all ruminoreticular contents and placing of a fluid- 

filled plastic bag in the posterior ventral sac of the rumen. Trace A was taken before and B 

during insufflation at 10 liters N:/min. Notice similarity between the amplitude of rumen con- 

tractions here and those with normal ingesta (graph 7). Reticular contractions less in ampli- 

tude than those with fluid ingesta present (graph 8). Notice also that eructations occur regu- 

larly during insufflation but only in conjunction with a posterior dorsal sac contraction, despite 
the fact that the cardia was exposed to the gas continuously (animal 1462, 8-7-56). 
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variably had a similar effect on the rate of 
rumen contraction. It appeared that the 
occurrence of eructation during rumen 
contraction was not simply a matter of the 
cardia being exposed to the gas at this time. 
Even with the reticulum empty (plastic 
bag series) or the entire ruminoreticular 
vault empty, eructation and rumen con- 
traction were usually simultaneous. The 
fact that atropine inhibited eructation 
when the cardia remained exposed also 
suggests an association between muscle con- 
traction and eructation. This question is 
quite critical to the understanding of the 
eructation reflex mechanism and requires 
further study. 

Nerve stimulation and procainization 
further indicated that receptors initiating 
eructation were present in the posterior 
rumen and supported previous observa- 
tions that afferent pathways for the reflex 


were located in the dorsal vagal trunk.** 

If eructation is initiated by rumen con- 
traction bit not by passive distention of 
the rumen, this would suggest two possible 
receptor mechanisms. The receptor could 
be a volume, or ‘‘in parallel’’ tension re- 
ceptor in the rumen muscle, such as those 
demonstrated to be present in the heart and 
in the stomach of the cat. Alternatively, 
the receptor could be a tension receptor 
‘in series’’ with the suspensory apparatus 
of the rumen. 

The dissociation between eructation and 
rumen contraction after procainization of 
the cardia could be explained by the result- 
ing relaxation of a normally constricted 
cardiae sphincter. This would allow gas to 
pass into the posterior esophagus. The 
intraesophageal pressure might then act 
to reflexly inhibit or mechanically over- 
come the other esophageal sphincters. The 
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Graph 10—Records taken after complete removal of ingesta from rumen and reticulum. Trace 

A was taken before and B during insufflation at 10 liters N:/min. Notice amplitude of rumen 

and reticular contractions approach those seen with fluid ingesta on other days (graph 8). 

Also, eructation still accompanies the contraction of the posterior dorsal sac of the rumen 
(animal 1462, 11-23-57). 
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Graph 11—A series of graphs showing the effect of intraruminal pressure on eructation, swal- 
lowing, and ruminoreticular motility under 4 different conditions of ruminoreticular content. 
Each line represents the mean regression for 5 animals. The stippled areas represent the 95 
per cent confidence interval determined for the regression lines of the normal ingesta series. 
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injection of procaine into the area of the 
cardia could also have anesthetized struc- 
tures involved in an eructation-inhibition 
reflex such as that described in sheep by 
Dougherty. However, under the condi- 
tions of this experiment this appears less 
likely, especially since the topical appli- 
cation of butacaine to this area did not 
produce similar results. 
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Dougherty ™! stated that when he de- 
stroyed the brain stem of a sheep, the 
esophagus relaxed and insufflating gas 
passed out at a ‘‘more or less constant 
rate.’’ Also, many workers have reported 
that complete sectioning of the vagal 
trunks stopped eructation, but the section 
of either the dorsal or ventral vagus alone 
did Habel sectioned the dor- 
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Graph 12—A series of graphs derived from the same data as used in graph 11, but assuming 
the intercept equal to zero to allow comparison of slopes. The stippled areas represent the 95 
per cent confidence interval for the slope of the regression lines of the normal ingesta series. 
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sal and ventral trunk of 2 sheep and 
found that, in 1 of these, ‘‘eructation oc- 
curred spontaneously and when the sheep 
was handled.’’ Perhaps these various find- 
ings could be explained by the presence of 
esophageal sphincters which are normally 
constricted by a steady flow of impulses 
from the central nervous system. The acts 
of regurgitation, swallowing, and eructa- 
tion could then be dependent, in part, on 
inhibition of these sphincters. If true, the 
effect of nerve sectioning on eructation 
could be dependent not only on the degree 
of interference with the afferent arm of the 
reflex, but also on whether motor nerves 
supplying the cardiac sphincter were 
severed. 


It was hoped that the rate of swallowing 
might give some indication of the saliva- 
tion rate. No attempt was made to estab- 
lish such a correlation and certainly sali- 
vation is known to be dependent upon 
many factors other than a reflex originat- 
ing in the ruminoreticular area. Neverthe- 
less, it is of interest that the results of this 
study would tend to support the work of 
Clark and Weiss,5 which demonstrated the 
presence of a salivation reflex elicited by 
taétile receptors in the area of the cardia. 
The ruminoreticular rate increased with 
an increase in intraruminal pressure, re- 
gardless of the physical character of the 
contents of the rumen and reticulum. How- 
ever, this was not true of the rate of 
swallowing. An increase in intraruminal 
pressure resulted in an increased rate of 
swallowing only with normal ingesta or 
fluid plus ping-pong balls present. In- 
ereased pressure had no effect when fluid 
only was present. When the reticulum was 
left empty, there was actually an inverse 
relationship between intraruminal pressure 
and swallowing. Also, tactile stimulation 
of the cardia area increased the rate of 
swallowing, while the topical application 
of butacaine sulfate to this same area de- 
creased the deglutition rate. 

Although rumination was not specifically 
studied, the results of abdominal nerve 
stimulation indicated that afferent fibers of 
the regurgitation or rumination reflex may 
be present in the ventral abdominal trunk. 


SUMMARY 


Some aspects of the reflex control of 
ruminoreticular motility and eructation 
were studied in adult, unanesthetized cows. 


Pressure changes in the reticulum, rumen, 
and cardia were recorded by means of 
strain gauge transducers activated through 
Brody-Quigley catheters. Measurements 
were made under normal conditions and 
then under a series of experimental con- 
ditions designed to either inhibit or stimu- 
late the reflexes originating in the rumen 
and reticulum. The results of this study 
indicated the following: 

1) Although eructation was normally as- 
sociated with most secondary ruminal con- 
tractions, about one third of the total num- 
ber of eructation occurred in conjunction 
with a primary ruminal contraction. 


2) Afferent fibers for the eructation re- 
flex were present in the dorsal abdominal 
vagus and afferent fibers for a rumination 
(regurgitation) reflex were present in the 
ventral abdominal vagus. 

3) The rate and amplitude of the rumino- 
reticular cycle and secondary rumen con- 
tractions were dependent, in part, on pres- 
sure or tension. The rate of ruminoreticular 
contraction may also have depended on the 
degree of tactile stimulation. 


4) Eructation most regularly occurred 
in conjunction with the contraction of the 
posterior rumen and the rate of eructation 
was found to correlate with the rate and 
amplitude of rumen contraction, even when 
the cardia was exposed continuously to 
intraruminal gas. This would suggest that 
the receptor is a volume type of tension 
receptor in the ruminal muscle, or an ‘‘in 
series’’ type of tension receptor in the 
rumen suspensory apparatus. 

5) Proecainization of the cardiac sphinc- 
ter area appeared to allow a rapid eructa- 
tion dissociated from rumen contraction, 
suggesting that this sphincter area is an 
important effector organ in the eructation 
reflex and one normally under active 
contraction. 

6) Evidence was given to support the 
findings of other workers that receptors 
responsible for a salivation reflex are lo- 
cated in the cardia-reticular area and that 
they are tactile in nature. 
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The Pharmacological Action Developed in Cattle by Two 
Halogenated Sulfapyrimidines—Bromosulfamerazine 
and Bromosulfamethazine 


R. FAUSTINI, D.V.M., Ph.D.; R. FERRINI, D.V.M.; M. A. VAGHI, M.D. 
Miian, Italy 


HALOID SULFONAMIDES have been investi- 
gated by a host of researchers for the last 
ten years. 

In 1946, English et al.? carried out a re- 
search program, both in vivo and in vitro, 
on bromosulfadiazine, bromosulfamethazine, 
and bromosulfamerazine, and concluded 
that their action could be compared with 
that of sulfathiazole and sulfadiazine. 

Waletsky and Hughes® reported that bromi- 
nated, guanidinic sulfonamides were ten times as 
effective as the corresponding nonhalogenated com- 
pounds against avian coccidiosis. 

Haloid sulfonamides are often found among 
chemicals tested on Plasmodiwm gallinaceum for 
their possible antimalarial action. In 1948, Little 
et al.“ remarked that chloro- and bromosulfapy- 
rimidine, as well as chloro- and bromopyrazine, 
together with the correspounding nonhalogenated 
compounds, had been tested against Pasteurella 
multocida. In 1950, Ishidate et al.,> among several 
other pyrimidinie and thiazolic derivatives con- 
sidered, investigated the activity exerted in vitro 
on the Mycobacterium tuberculosis by five bromi- 
nated thiazolic sulfonamides. Two of these proved 
active at a concentration of 50 ug. per milliliter. 
Beyer, as quoted by McManus et al.,° noticed that 
the halogenation of the number five carbon of the 
pyrimidine ring occasionally slowed down the 
elimination of these compounds through the uri- 
nary tracts of dogs. 

In a research program on the effects of chloro- 
and bromosulfadiazine, chloro- and bromosulfa- 
methazine, chloro- and bromosulfamerazine, and 
their nonhalogenated compounds on cattle, Me- 
Manus et al.® in 1951 stressed the practical vet- 
erinary value of haloid sulfonamides as long-acting 
therapeutic agents. Sulfamerazine appeared to 
draw the greatest benefit from halogenation. 
However, the toxic properties of the drug were 
markedly increased, although not to the extent of 
sulfadiazine. 


From the Farmitalia Experimental Center of Veteri- 
nary Therapy, University of Milan, Italy. Dr. Faustini 
is professor and head, Department of Veterinary Phar- 
macology; Dr. Ferrini is research assistant. Dr. Vaghi's 
contributions to this study were made while she was a 
senior medical student. 

Part of the investigation concerning acuted toxicity 
and activity in vitro was made possible through the co- 
operation of Dr. C. Bertazzoli and Dr. M. Ghione, Sezione 
di Microbiologia e di Chemioterapia, Farmitalia, Milan. 


Bromosulfamethazine was studied by Stowe et al.* 
The satisfactory results they obtained by oral ad- 
ministration are comparable, in view of their pre- 
ceding findings, to those that can be obtained from 
sulfamethazine or sulfamethoxypyridazine. They 
suggested, although with some reservation, that 
this compound could be profitably used in clinical 
practice. 

The dosage adopted by Stowe et al.° was 
higher than we normally use, and we failed 
to see the advisability of increasing it for 
these sulfonamides, which are notoriously 
more toxic than those in common usage. 
Therefore, we proposed to investigate 
whether the advantages remain although 
conditions were different. Findings in re- 
spect to acute toxicity, activity m vitro, 
plasma concentrations after various time 
intervals, and binding with plasma pro- 
teins, as established for bromosulfametha- 


2-sulfanilamido-4-methyl-5- 
bromopyrimidine. Bromosul- 
famerazine 


2-sulfanilamido-4.6-dimeth- 
yl-5-bromopyrimidine. Bro- 
mosulfamethazine 


Fig. 1—Bromosulfamethazine and bromosulfamer- 
azine structures. 


zine and bromosulfamerazine, were com- 
pared with those for sulfamethazine and 
sulfamerazine, respectively. 


MATERIALS AND METHODS 


All sulfonamide determinations (free, i.¢., non- 
acetylated sulfonamide, then the total sulfonamide 
after acid hydrolysis) were made with the colori- 
metric method of Bratton and Marshall.’ The data 
were obtained by comparing the color intensity of 
unknown plasma samples with standard solutions 
prepared at concentrations of 0.5, 1.0, 3.0, 5.0, 7.0, 
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TABLE i—Acute Toxicity Data Obtained from 
Intravenous Administration of Drugs to Mice 


Drug i.v. acute 1.d.s0 
(mg./kg.) 
Sulfamethazine 751 
Bromosulfamethazine 529 
Sulfamerazine 1,256 
Bromosulfamerazine 668 


9.0, 11.0, and 13.0 mg. per 100 ml. of plasma. A 
colorimeter* (filter No. 520) was used to measure 
optical density. Standard solutions for plasma 
were prepared by adding the required amounts of 
each drug to heparinized plasma obtained from the 
same animals prior to drug administration. 

The acute toxicity data were obtained by in- 
jecting.albino mice intravenously with the sodium 
salts of the drugs under consideration. Minimum 
inhibitive dosage (m.i.) was determined on a 
variety of cultures, with and without the addition 
of 10 per cent blood serum. The behaviour of 
brominated sulfonamides in respect to plasma pro- 
teins was observed in vitro by determining the 
percentage of drugs that could not be diffused 
through a cellophane membrane separating a sam- 
ple of bovine plasma from a 0.15 M sodium chloride 
solution in a 0.01 M phosphate buffer (pH 7.4) 
containing the sulfonamides in various known con- 
centrations. As the balance between the solutions 
was reached, the percentage of drug bound to the 
plasma proteins was determined by the difference 
between the total and the unbound drug. The 
colorimetric method of Bratton and Marshall was 
used for this purpose. 

Plasma concentrations at differert time intervals 
were determined with eight groups of 8 Brown 
Swiss calves each. The calves were all male, 
weighed 170 to 180 kg. each, in good health, and 
under the same stable and feed conditions. 

Sulfonamides were each administered in a single 
dose, orally or intravenously, in the following 
amounts: orally, 0.15 Gm. per kilogram of body 


* Hellige CliniCol Photoelectric Colorimeter, manufac- 
tured by Hellige, Inc., Garden City, N.Y. 


TABLE 2—Minimum Inhibitive Dosages 


weight; intravenously, 0.075 Gm. per kilogram of 
body weight. 

Oral drugs were given in boluses of honey and 
licorice powder. Drugs administered intravenously 
were in the form of sodium salts in aqueous solu- 
tions with the following concentrations: sulfameth- 
azine and sulfamerazine, 20 per cent; bromosulfa- 
methazine, 10 per cent; and bromosulfamerazine, 
5 per cent. The solutions of the two halogenated 
sulfonamides were prepared in a considerably lower 
range of concentration because of their lower 
solubility. 

RESULTS 


Halogenated sulfonamides were found to 
have a higher toxicity than the correspond- 
ing nonhalogenated structures (table 1). 
Bromosulfamerazine appeared to be ap- 
proximately twice as toxic as nonhalogen- 
ated sulfamerazine. 

The in vitro activity of halogenated 
sulfonamides was generally either equal to 
or higher than that of nonhalogenated ones, 
and in many cases the activity of the for- 
mer was impaired to a lesser extent by the 
presence of blood serum (table 2). 

In agreement with the findings of Me- 
Manus et al.,> brominated sulfonamides 
were bound to plasma proteins in percent- 
ages considerably higher than those of non- 
brominated sulfonamides (table 3). These 
percentages for low concentrations exceed 
90 per cent. 

From the plasma concentration values 
after intravenous administration (table 4), 
it appeared that considerably higher values 
were maintained by the halogenated deriva- 
tives than by the nonhalogenated ones dur- 
ing the first few hours. The values for 
bromosulfamethazine, 24 hours after ad- 
ministration, were nearly identical to those 
observed for sulfamethazine (graph 1). 


m.i.d. ug./ml. 

Bromosulfa- Bromosulfa- 
Sulfamethazine methazine Sulfamerazine merazine 

10% 10% 10% 10% 

No blood No blood No blood No blood 

serum serum serum serum serum serum serum serum 

Medium Organism added added added added added added added added 
Broth—yeast B. subtilis 20 100 20 50 20 100 10 25 
Medium for L. casei B. subtilis 10 10 5 5 50 50 5 5 
Medium for L. casei 8S. faecalis 50 >50 50 >50 50 >50 50 >50 
Medium for L. casei N. asteroides 10(5) 50 2.5 10 10 50 5(2) 10 
Medium for L. casei Staph. 114 5(2) 50 5(2) 50 10(5) 50 5(2) 10 
Medium for L. casei S. agalactiae 50 100 10 50 10 100 10 50 
Medium for L. casei S. dysgalactiae 10 100 5 50 5 100 5 50 
Medium for L. casei S. uberis 50 100 50 50 50 100 50 50 
Medium for L. casei Esch. coli 50 >50 50 >50 50 >50 50 >50 
Sayum’s medium Esch. coli 10 10 50 100 10 10 10 10 


sa 


ooo 


Figures in parentheses represent the semi-inhibition dose. 
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Graph 1—Plasma concentrations following intra- 
venous and oral administration of sulfamethazine 
and bromosulfamethazine to calves. 


However, although the sulfamerazine con- 
tents were already hardly detectable after 
24 hours, traces of bromosulfamerazine 
were still noticeable after as many as 60 
hours (graph 2). 

When administered orally (table 5, 
graph 1), bromosulfamethazine appeared 
to be absorbed quite slowly; its peak 
plasma concentration was not reached until 
24 hours after administration, when its 
concentration value was only slightly 
higher than that achieved by nonhalogen- 
ated sulfamethazine after just two hours. 
These data, which were not reported by 
MeManus et al.,° appear to be inconsistent 
with their suggestion that absorption of 
sulfonamides would be assisted by halo- 
genation. On the contrary, although bromo- 
sulfamerazine closely followed the pattern 
of the corresponding nonhalogenated com- 
pound for the first 8 hours, its concentra- 
tion values appeared to be considerably 
higher thereafter, and its presence, though 
only in limited amounts, was detectable up 


TABLE 4—Plasma Concentrations in 


Compound (0.075 Gm./kg.) 1 2 
Sulfamethazine Free 15.4* 13.6 
Total 16.3 14.7 
Bromosu!famethazine Free 24.4 19.4 
Total 25.1 22.6 
Sulfamerazine Free 12.6 10.3 
Total 
Bromosulfamerazine Free 20.0 16.8 
24.4 19.5 


Total 


* Concentrations are given as mg./100 ml. of plasma and represent the 
** Periods indicate missing data. 


sign indicates that traces were present. 
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Graph 2—Plasma concentrations following intra- 
venous and oral administration of sulfamerazine 
and bromosulfamerazine to calves. 


to 84 hours after administration (table 5, 
graph 2). 
Discussion 

The preceding findings seem to warrant 
the assumption that the intravenous ad- 
ministration of halogenated derivatives 
would make it possible to reach higher 
plasma concentrations than with the cor- 


TABLE 3—Plasma Protein Binding 


Total drug 
(mg./100 ml. Bound drug 
Drug of plasma) (%) 
5.5 67 
Sulfamethazine 8.6 66 
12.0 61 
3.2 95 
Bromosulfamethazine 7.0 90 
12.0 86 
4.0 52 
Sulfamerazine 
5.0 40 
5.5 92 
Bromosulfamerazine 7.0 89 
11.0 83 
Calves After Intravenous Administration 
Hours after administration 
4 8 12 24 36 48 60 
11.5 8.5 6.5 3.1 1.0 +t 0 
12.1 9.1 2 3.4 1.2 aa <0.5 
17.5 13.7 10.0 5.1 10 <0.5 + 
18.8 we ove + 
7.8 5.3 3.1 <1.0 of 0 0 
3.6 1.1 ed 0 0 
14.0 9.0 6.3 3.0 1.6 1.1 0 
15.3 10.5 6.8 3.8 ° 0 


average 
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TABLE 5—Plasma Concentrations After Oral Administration to Calves 
Hours after administration 
Compound (0.150 Gm./kg.) 1 2 4 8 12 24 36 48 60 72 84 
Sulfamethazine Free 2.2* 5.4 9.1 12.1 12.3 9.3 5.2 2.5 10 <0.7 0 
Total 2.5 6.0 9.3 13.2 13.3 9.8 6.2 2.9 1.3 <0.7 +t 
Bromosulfamethazine Free <0.7 <1.0 1.3 3.0 4.7 6.6 5.4 3.4 1.5 14 <1.0 
Total <1.0 1.0 1.3 3.6 5.9 74 6.1 Od <2.8 14 <1.0 
Sulfamerazine Free 1.5 3.0 5.2 8.1 9.3 7.4 3.6 1.6 <1.0 <0.5 0 
Total 2.0 3.5 5.7 8.7 10.0 7.4 3.9 1.9 3.3 <es 0 
Bromosulfamerazine Free 1.4 2.5 5.7 8.6 12.0 14.5 9.4 7.3 5.2 2.6 1.4 
Total 1.9 3.3 deen 10.2 13.2 15.9 11.7 8.6 odes 2.9 1.6 
+ Plus 


* Concentrations are given as mg./100 ml. of plasma and represent the average of 8 calves. 
** Periods indicate missing data. 


sign indicates that traces were present. 


responding nonhalogenated structures of 
the same dosage. However, the persistence 
of the halogenated derivatives in the circu- 
lation would not be prolonged considerably. 

As to oral administration, while poor 
results are obtained with bromosulfametha- 
zine, bromosulfamerazine appears to re- 
main at a probably therapeutic concentra- 
tion level for nearly 60 hours after a single- 
dose administration. 

In view of the toxic properties of these 
compounds and of their questionable higher 
bacteriostatic activity, it is felt that no 
conclusion should be ventured about a 
definite therapeutic superiority of bromi- 
nated derivatives over the corresponding 
nonhalogenated structures until the results 
of further clinical tests will be published 
to integrate those that are being made by 
researchers as quoted in personal com- 
munications to Stowe et al.§ 


SUMMARY 


The pharmacological behaviour of two 
halogenated sulfapyrimidines (bromosulfa- 
merazine and bromosulfamethazine) in cat- 
tle was compared to that of the correspond- 
ing nonhalogenated structures with a view 
of an eventual therapeutic use. 

There seemed to, be no grounds for sup- 
porting the assumption that bromosulfa- 


pyrimidines would offer a marked advan- 
tage over the corresponding nonhalogenated 
structures. 
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Studies on Experimental Concurrent Infections of Dairy Calves 
with Coccidia and Nematodes. II. Eimeria Spp. and the 
Medium Stomach Worm, Ostertagia Ostertagi 


LEONARD REID DAVIS, Ph.D.; HARRY HERLICH, MS.; 
and GEORGE W. BOWMAN 


Auburn, Alabama 


IN A PREVIOUS sTUDY,® the authors found 
that experimental concurrent infections 
with Eimeria spp. and an intestinal nema- 
tode, Cooperia punctata, were more injur- 
ious to calves than infection with either 
one alone. Consequently, it was decided 
to conduct similar tests, substituting the 
medium stomach worm, Ostertagia oster- 
tagi, for the intestinal worm used previ- 
ously. The object was to determine whether 
these two parasites which localize in dif- 
ferent portions of the alimentary tract 
would, when inoculated at the same time, 
(1) be more injurious to the host than 
either one alone, and (2) affect the devel- 
opment of each other. The investigation 
was performed during the period of Sep- 
tember to December, 1954. 


MATERIALS AND METHODS 


Male calves, 5 to 31 days old at the beginning, 
were utilized as experimental animals for two 
tests. They were either grade Jerseys or Jersey- 
Guernsey crosses, born on farms in the vicinity 
of Auburn, Ala., and purchased when 1 to 2 days 
old. They had been exposed to natural infections 
of coccidia at birth or shortly thereafter. Addi- 
tional infections probably were acquired between 
the time they were moved to the laboratory and 
the start of the experiments. The usual result of 
exposure of calves to natural light infections of 
coecidia was described in a previous report.* 

Prior to initiation of each test, the calves in- 
volved were maintained under conditions similar 
to those previously described.° Subsequent to ini- 
tiation of the experiment, the animals were housed 
in duplex concrete-floored pens constructed of hol- 
low tile and conerete.° Each day the calves were 
moved to the cleaned side of their double unit. 

In test 1, the 12 calves were allotted to four 
groups of 3 each. In test 2, the 8 calves remain- 
ing from test 1 were assigned to four groups of 
2 calves each. In each test, one group was experi- 
mentally infected with ecoccidia (Eimeria) only. 
Another group was given coccidia plus infective 
larvae of the medium stomach worm, O. ostertagi. 


From the Regional Animal Disease Research Labora- 
tory, Agricultural Research Service, U.S. Department of 
Agriculture, Auburn, Ala. 


A third group was given stomach worm larvae 
only. Calves in the remaining group were left 
uninfected as controls. In test 1, 1 of the 3 


control calves developed a severe diarrhea on 
the fourth day and was eliminated from the 
experiment. 


Eimeria Infection.—Coccidial oocysts used in 
the investigation were obtained from naturally or 
experimentally infected calves. The species and 
percentages of each were as follows: Eimeria ala- 
bamensis, 30; Eimerva zurnii, 27 (spherical forms, 
19; elliptical forms, 8); Himeria ellipsoidalis, 18; 
Eimeria cylindrica, 8; Eimeria subspherica, 8; 
Eimeria bovis, 7; and Eimeria auburnensis, 2. 

In the first test, calves given coccidia only were 
each fed 2,000 sporulated oocysts per pound of 
body weight on experimental days 1, 3, and 4, 
a total of 6,000 ooeysts per pound. These oocysts, 
contained in a moist paste, were applied to the 
base of the tongue by a wooden tongue depressor. 

Ostertagia Infeetion—Stomach worm (Oster- 
tagia) larvae were cultured from the feces of 
animals harboring pure infections. In test 1, the 
3 calves inoculated with stomach worm larvae only 
were each given a total of 75,000 larvae in three 
equal doses on experimental days 1, 3, and 4. Each 
of the calves inoculated with Eimeria and Oster- 
tagia was given one half the number of larvae and 
eoccidia given to the calves inoculated with only 
one of the two parasites. In the first test, the 
larvae were administered, at the same time as the 
oocysts in three equal doses by a metal pipette. 

In test 1, 1 calf from each of the three infected 
groups was killed for necropsy 21 days after the 
first infection to determine (1) whether damage 
had resulted to the digestive tract, (2) the nature 
and extent of this damage, and (3) the extent to 
which the worms and coccidia had developed dur- 
ing the 21-day period. The surviving 8 calves were 
weaned after 37 days of the experiment and used 
in a second test. 

In test 2, the calves that had been inoculated 
with Eimeria spp. in test 1 were given twice as 
many oocysts per pound because of the increased 
ages of the experimental animals. The oocysts 
were from the same culture used in test 1 and 
were given in three inoculations at the same time 
intervals as before. 

The calves that had been given larvae before 
were given slightly more than twice as many in 
the second test (160,000 and 80,000 per calf to the 
groups given Ostertagia and to those given the Ei- 
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zurnii were seen in the lower colon. There 
were small numbers of trichomonads in.the 
cecum, colon, and rectum and numerous 
Giardia in the middle region of the small 
intestine. The latter were most numerous 
(28 per high-dry objective field) in an 
area about 12 feet anterior to the ileocecal 
valve. 

Calf 1387 (Ostertagia).—The abomasum 
was markedly edematous, and the mucosal 
surface contained many nodules typical of 
this species. Of the 680 worms recovered, 
representing less than 1 per cent of the 
infective larvae administered, 250 were lar- 
vae recovered from a portion of the abo- 
masum macerated in a Waring blendor. 
Utilization of the pepsin-hydrochlorie acid 
digestion technique, later developed by 
Herlich,* might have revealed additional 
worms. 

Calf 1385 (Eimeria-Ostertagia).—There 
were swollen, reddened, longitudinal ridges 
about 3 inches long in the anterior 6 inches 
of the colon. These made the wall about 
twice as thick as in the other regions of 
the colon. Numerous merozoites were found 
throughout the small intestine, except in 
the anterior 10 feet. They were present in 
small numbers in the upper colon, but were 
not found in the remainder of the colon, 
in the cecum, or in the rectum. Small 
schizonts resembling those of E. zurnii* 
were seen 36 feet anterior to the ileocecal 
valve, and a few macroscopic schizonts 
similar to those of E. bovis were seen in 
the terminal 6 feet of the small intestine. 
Numerous oocysts of E. zurnit were located 
30 and 24 feet above the ileocecal valve. 
Oocysts of E. ellipsoidalis were seen in the 
lower cecum, upper colon, and rectum. In 
the cecum and upper colon, there were a 
few trichomonads. Giardia, in small num- 
bers, were seen in the lower cecum. 


The abomasum of this animal was edem- 
atous, and nodules were present, although 
not so extensively as in calf 1387. The 419 
worms recovered represented about 1 per 
cent of the infecting dose. Again, a small 
number of immature worms was recovered 
after a portion of the abomasum was mac- 
erated in a Waring blendor and more 
worms undoubtedly would have been re- 
covered had the abomasum been subjected 
to digestion in pepsin and hydrochloric 
acid. 

Test 2.—None of the calves in the four 
groups in test 2 (table 2) passed mucus or 


blood in the feces. Diarrhea, observed only 
in the calves in the groups infected with 
Eimeria and Eimeria-Ostertagia, occurred 
on about the same number of days in both 
groups. Fairly large numbers of oocysts 
were discharged by calves in both coccidia- 
infected groups. In only 1 ecalf (1382, 
Eimeria) was the peak of oocyst produc- 
tion greater than 10,000 per loopful.? In 
both Eimeria and Eimeria-Ostertagia in- 
fected groups, the dominant species in the 
daily peaks of 1,000 to 10,000 oocysts was 
E. alabamensis, which has been shown capa- 
ble of reinfecting the same calf as many as 
four times.” Eimeria subspherica appeared 
as a natural infection in both calves in the 
Ostertagia group, and this species accounted 
for the numbers of oocysts listed for this 
group (table 2). 

Significant changes occurred in packed 
blood cell volumes only in calf 1382, in 
which scouring and dehydration were ap- 
parently responsible. 

Just prior to the beginning of test 2, the 
2 calves with worm infection only showed 
fecal egg counts of 378 and 3,600 e.p.g., 
whereas the calves infected with both coe- 
cidia and worms had counts of 432 and 732 
e.p.g. Worms were being eliminated with 
the feces of all 4 calves. These egg counts 
indicate a large number of worms; thus 
the extremely small numbers recovered 
from the calves killed in the first phase of 
the experiment probably resulted from a 
failure to recover worms still imbedded in 
the mucosa. The milk diet was probably 
not responsible. Subsequent investigations 
have shown that milk has no apparent 
effect on O. ostertagi infections.’ 

Despite the absence of mucus and bloody 
feces, the Eimeria and the Eimeria-Oster- 
tagia infected calves had lost an average 
of 1.5 and 0.5 Ib., respectively, by the third 
week of the second test, while the Oster- 
tagia-infected and the control groups had 
gained an average of 19.0 and 9.0 Ib., re- 
spectively. The younger calves in the three 
parasitized groups died on experimental 
days 26, 30, and 39, respectively. The fact 
that the younger ealves in the Eimeria and 
the Eimeria-Ostertagia groups lost 9.0 and 
7.0 lb.,. respectively, in three weeks and 
eventually died may indicate that, even 
though they had been inoculated in the 
previous experiment with oocysts from the 
same culture, they probably had not es- 
tablished as mueh resistance as the-older 
calves. 
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SUMMARY AND CONCLUSIONS 


To determine the effects on calves of sin- 
gle or concurrent infections with Eimeria 
spp. and Ostertagia ostertagi, 3 young 
calves in each of three groups were in- 
fected and 2 others were left as controls. 
One month after killing 1 calf from each 
test group on the twenty first day, the re- 
maining calves were weaned and given 
challenge inoculations with the same or- 
ganisms as before. 

In the first test the only calf that devel- 
oped an oocyst count greater than 10,000 
per loopful, predominantly Eimeria ellip- 
soidalis on three consecutive days, was 1 
of 3 inoculated with both Eimeria and 
Ostertagia. During the first 21 days the 
calves given Eimeria alone had diarrhea 
about twice as often as the other two para- 
sitized groups combined. Weight gains of 
the infected calves were comparatively low 
during the first three weeks. 

In the second test only 1 calf, given 
Eimeria only, had an oocyst count as great 
as 10,000 per loopful and it was due to 
Eimeria alabamensis. Calves in the Eimeria 
and the Eimeria-Ostertagia groups were 
the only ones that had diarrhea, and they 
showed it for an average of 5.5 and 6.0 
days, respectively. The Ostertagia-infected 
calves gained an average of 19.0 lb. in 21 
days, while calves in the other infected 
groups lost from 0.5 to 1.5 lb. The younger 
of the remaining calves in the parasitized 


groups died between post challenge days 
26 and 39. Clinical signs of parasitism 
were more evident in the Eimeria-infected 
than in the Ostertagia-infected calves. The 
combination of the Eimeria attacking the 
intestine and Ostertagia attacking the abo- 
masum concurrently apparently did not 
enhance the development of either parasite. 
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Studies on Bovine Gastrointestinal Parasites. XX. The 
Results of Feeding Small Amounts of Phenothiazine 
in Pure Infections of Cooperia Punctata 


ROY L. MAYHEW, Ph.D.; B. J. TORBERT, B.S.; GROVER C. MILLER, Ph.D. 


Baton Rouge, Louisiana 


SHoRB AND HaBERMAN and Haberman 
and Shorb* failed to recover infective 
larvae from mixed natural infections in 
sheep as a result of feeding small amounts 
of phenothiazine. Mayhew ® reported that 
1.5 and 0.5 Gm. of phenothiazine was effec- 
tive in the elimination of hookworm (Buno- 
stomum phlebotomum) larvae,*® and in 
eliminating the eggs of the nodular worm 
(Ocesophagostomum radiatum) in pure in- 
fections. He reported * that feeding smali 
amounts of phenothiazine daily was useful 
in reducing the number of infective larvae 
about the premises. In this manner, pro- 
tection against infection is afforded. May- 
hew’ reported a reduction in egg output 
of the stomach worm Haemonchus contor- 
tus and Andrews et al.! a reduction of egg 
output in mixed infections. Cauthen? re- 
ported a reduction of infective larvae in 
mixed infections as a result of feeding 
phenothiazine. 

The effect of phenothiazine fed in small 
amounts to animals with pure infections 
of Cooperia punctata is reported in the 
present study. 


MATERIALS AND METHODS 


The calves used in these experiments were of 
dairy types and mixed breeds and were obtained 
when 1 to 3 days old. They were confined in cages 
with iron-grating floors raised above the cement 
tloor of the building to facilitate cleaning. The 
exuges and floor were cleaned and washed with cold 
water followed by steaming hot water three times 
a week to prevent infection from the cages. The 
animals were inoculated with infective larvae from 
a pure infection of Cooperia punctata established 
in 1955.* 

Cultures for larvae to inoculate calves and to de- 
termine the effectiveness of the phenothiazine were 
made as follows: approximately 4 lb. of fresh ma- 
nure was placed in wire baskets, 12 inches square 
by 2 inches deep and ineubated at 70 F. for 12 to 


From the Department of Veterinary Science, Louisiana 
State University, Baton Rouge. Mrs. Torbert was re- 
search assistant, 1954 to 1956, and Dr. Miller was 
research assistant, 1956 to 1957. 

* Identification confirmed by Dr. Allen McIntosh, para- 
sitologist, Animal Disease and Research Branch, U.S.D.A. 


15 days, then placed in Baerman funnels overnight. 
To make the larvae counts, 50-ee. round-bottomed 
centrifuge tubes. were filled with water from the 
funnels and the larvae allowed to settle 12 to 24 
hours. The water then was carefully decanted to 
15 to 20 ec., so as not to disturb the larvae. 
feeding of phenothiazine, larvae 
counts were made by taking 2 drops from the 
bottom of the tubes for examination under the 
microscope. When phenothiazine was not being 
fed, so many larvae were present that it was 
necessary to put the larvae in suspension and use 
2 drops to make even a rough estimate. When the 
drug was being fed, the number of larvae per cul- 
ture usually varied from 0 to 48 (only 1 had 88) 
and when it was not being fed, the estimate 
ranged from 2,000 to 400,000 infeetive larvae per 
culture. 


During the 


RESULTS 
EXPERIMENTS Usine 1.5 To 
12.0 GM. OF PHENOTHIAZINE PER DAy 

Calf 275.—Two cultures made between 
April 13 and 16, 1955, yielded large num- 
bers of larvae (fig. 1A o —2). For the next 
16 days, 1.5 Gm. of phenothiazine was fed 
daily and only a few larvae were recovered 
from four cultures (fig. 1A, Few-4), while 
four cultures made eight to 22 days after 
the feeding of the drug was stopped yielded 
large numbers of larvae fig. 
1A; the bar indicates the days on which 
the cultures were made). Since the egg 
counts were not affected by the drug, lar- 
vae should have been recovered during the 
drug-feeding period the same as before and 
after feeding. 

Additional low-level feeding experiments 
were carried out with calf 275 as indicated 
(fig. 1A, 1B). Few larvae were recovered 
during the periods when phenothiazine was 
being fed, while in each instance large 
numbers were recovered when the drug 
was not fed. In one instance (Aug. 6 to 20), 
391 larvae were recovered from 12 cultures 
(an average of 33 per culture), a poor 
yield from approximately 50 lb. of manure 
as compared with 2,000 to 400,000 per eul- 
ture from 4 lb. when the drug was not fed. 
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In an attempt to find a dosage that would 
remove all the larvae, various amounts were 
fed as indicated. None, however, were com- 
pletely effective. Following the last experi- 
ment (fig. 1C), Cooperia eggs suddenly 
disappeared from the manure 12 days after 
the last feeding of the drug. We are con- 
fident that this is another manifestation of 
the immune reaction which we have ob- 
served so often in calves. This animal was 
reinoculated on Jan. 24, 1957, and still 
was negative 35 days later (fig. 1C). The 
maximum length of the prepatent period 
for C. punctata is approximately 14 days. 

Calf 280.—From August 5 to 23 (fig. 
4A), while 1.5 Gm. of phenothiazine was 
being fed daily, 433 larvae were recovered 
from 19 cultures, an average of only ap- 
proximately 23 per culture. The results of 
additional experiments are shown (fig. 4A, 
4B, and 6). From September 3 to 13, 1956 
(fig. 6), while 6.0 Gm. was being fed night 
and morning, there was a rapid drop in 
egg count followed by a number of nega- 
tive findings. That this is another instance 
of the development of immunity is indi- 
cated by the low egg count after reinocula- 
tion on October 1. 

Calf 285.—Fecal examinations made be- 
tween Feb. 17 and June 25, 1956, indicated 
a constant level of infection with yields of 
enormous numbers of larvae between May 
9 and June 8 (fig. 7). Between June 16 
and 25, 1.5 Gm. of phenothiazine was fed 
daily and six cultures yielded only 15 lar- 
vae (fig. 7, 15-6). About 21 days after 
the last feeding of phenothiazine, the egg 
eount dropped rapidly to 0 for seven days 
followed by a long period of low counts 
with a maximum of 9 e.p.g. This was con- 
sidered to be a typical immune reaction 
that was incomplete. 

Calf 284.—Fecal examinations showed a 
consistent egg count of approximately 0.5 
to 2.0 e.p.g. between Sept. 1, 1956, and 
Feb. 15, 1957 (fig. 2). However, the num- 
ber of larvae recovered during the three 
treatment periods were low when compared 
with the numbers when the drug was not 
being fed. One additional experiment was 
made using this animal in which 6 Gm. of 
phenothiazine was fed twice a day (fig. 8). 
In this repeated experiment, there was al- 
most no change in egg counts, a sharp con- 
trast to the results in three experiments 
when 6 Gm. was fed twice daily (fig. 6, 9, 
10) and in which an immune reaction 
occurred. 


Calf 295.—Three experiments were car- 
ried out with this animal (fig. 3, 9). Two 
(fig. 3) showed the usual reductions of 
larvae while one (fig. 9) showed another 
immune reaction. Reinoculation on Febru- 
ary 17 resulted in a slight temporary in- 
crease in eggs, then a drop to 0. 

Calf 270.—Two low-level feeding experi- 
ments were carried out. The first, not 
shown in the figures, was conducted be- 
tween May 30 and June 13, 1955, during 
which 1.5 Gm. was fed and seven cultures 
yielded only 3 larvae. Between Dec. 14, 
1956, and Feb. 9, 1957, when 6 Gm. was 
fed twice a day (fig. 10), there was a 
marked decrease in egg counts, which later 
became negative. Although reinoculated 
on March 12 (not shown), 17 negative 
examinations were obtained up to April 1 
when the animal was discarded. 

Calf 290.—Three experiments were 
ried out; the results of two are shown 
11). There was a decrease in the 
counts during the last days, when 6 
was fed twice a day, followed by 13 days 
of much lower counts. This appears to 
indicate that 6 Gm. twice a day reduces 
the egg count, but we prefer to think that 
it indicates an incomplete immune reac- 
tion. This was followed by an increase to 
approximately 10 e.p.g. by Feb. 1, 1957. 
In addition to these two experiments, 1.5 
Gm. was fed twice a day between Nov. 17 
to 23, 1956, during which time nine eul- 
tures yielded no larvae while six cultures 
made about three weeks after this treat- 
ment yielded enormous numbers. 


Two experiments were carried out in 
which 1.5 Gm. of phenothiazine was fed 
twice a day for 12- and 14-day intervals 
each (not shown). When the drug was not 
being fed, cultures yielded approximately 
2,000 to 300,000 larvae each. Four made 
during the first experiment yielded 5 lar- 
vae and the five made during the last 
yielded few to no larvae. 


EXPERIMENTS Usine 0.5 GM. oF 
PHENOTHIAZINE PER Day 


Seven animals were used in a series of 
five experiments directed toward the deter- 
mination of the minimum amount of the 
drug necessary to prevent larvae develop- 
ment (fig. 5). A total of 227 egg counts, 
made daily except Saturdays and Sundays, 
are omitted but eggs were continuously 
demonstrated to be present. The older ani- 
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Figures 6, 7, 8, 9, 10, and 11—E.P.G. = eggs per gram of feces (shown by graph line); 


1X, 2X = phenothiazine fed once or twice a day during period shown in blocked area; o = sign 


of infinity, indicating large numbers of larvae recovered when phenothiazine was not being fed; 


10-3, 0-7, 5-8, etc. = total number of larvae, followed by number of cultures taken during the 
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mals (285, 18 months old, and 293, 19 
months old) were selected to determine if 
age and size would influence the results. 
The others were 5 to 9 months old when 
first used. In figure 5, the dates of the 
experiments are at the bottom. As when 
larger amounts of the drug were fed, and 
regardless of the individual and its age, 
there was a definite lowering of the num- 
ber of larvae recovered as compared to 
when it was not being fed. Two animals 
developed immune reactions associated with 
these 0.5 Gm. experiments. 


SUMMARY 


In 56 experiments on 14 eattle, it was 
found that daily feeding of small amounts 
of phenothiazine had no effect on egg 
production of Cooperia punctata, but was 
100 per cent effective in reducing the num- 
ber of infective larvae to a very low level. 

The reduction of egg count levels in 
some individuals is believed to result from 
immune reactions rather than the drug, 
because there is no consistent relationship 
to the amounts being fed or to the time of 
the experiment. These animals also proved 
to be resistant to reinfection. 
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Studies on Bovine Gastrointestinal Parasites. XXII. Rate of 
Consumption of Phenothiazine in Salt-Phenothiazine 
Mixtures by Cattle 


ROY L. MAYHEW, Ph.D. 


Baton Rouge, Lowisiana 


In 1947 it was decided to undertake a study 
of the amount of phenothiazine consumed 
‘free choice’’ by cattle on pasture. This 
seemed desirable, since salt mixtures were 
being used to some extent by cattle owners 
to control parasites, although the practice 
was much more extensively used by sheep 
growers at the time. Since we had previ- 
ously determined the amount of the drug 
necessary to control the development of lar- 
vae, the experiment was not one dealing 
with the control of parasites, but one in 
which it was desired to determine how much 
of the mixture healthy animals would con- 
sume on pasture. 

The effects of low-level feeding of pheno- 
thiazine in the control of various parasites 
have been reported by several workers.'-!” 
Reference to some of the most pertinent 
reports are given, but no attempt is made 
to give a complete list. 


MATERIALS AND METHODS 


Two pastures of about 2 acres each were avail- 
able. They had been used for the past six years 
for certain observations on animals that had been 
parasitized under controlled conditions. The 36 
dairy-type eattle used in the salt-phenothiazine 
studies had been previously inoculated with Hae- 
monchus contortus and Oesophagostomum radiatum 
under controlled conditions. These infections had 
disappeared or had become very low and the ani- 
mals were in good condition when taken to the 
pastures. 

The grasses were predominately Burmuda, with 
some carpet and Dallis grass and white and bur 
clover present in the spring. Hay was provided 
during dry periods and winter months. The cattle 
were provided with ample water and a small barn 
for shelter. During the years 1947 to 1949, the 
animals were in two groups; after September, 
1950, each was provided with its own shelter, water 
supply, and about one third of an acre of pasture. 
The salt-phenothiazine mixture and pure granular 
salt was provided in 2.5-gal. buckets to the animals 
using the shelters, but the 2 animals having access 
to the barn obtained theirs from open wooden 
boxes (8x15x6 in.) inside the barn. The salt- 


From the Department of Veterinary Science, Louisiana 
State University, Baton Rouge. 


phenothiazine mixture was in proportions of 10 
to 1. 


EXPERIMENTAL DATA 


On June 20, 1947, the 4 cattle already in 
the pasture were separated by a partition 
in the barn so that 2 had access to each 
side. Salt only was provided from June 
20 to September 25 (fig. 1). The salt remain- 
ing was removed, and a weighed amount 
of the salt placed in the box in one stall 
and an equal amount of the salt-pheno- 
thiazine mixture in the other. The 2 ani- 
mals having access to the mixture consumed 
somewhat more of it (fig. 1) than they had 
of the pure salt previously. (The lower 
shaded portions of the columns indicate 
the average number of grams of pheno- 
thiazine consumed per day.) The 2 animals 
given pure salt consumed about twice as 
much as they had previously. 

Observations were discontinued from 
Feb. 1 to May 1, 1948, when animal 170 
was added to the experiment, and the salt- 
phenothiazine mixture was supplied to both 
groups. From then until August 23, the 
animals in both groups consumed consider- 
ably less of the mixture than previously 
(fig. 1). 

All of these animals were then replaced, 
except 170, and the experiment was started 
again November 13, all 5 being given the 
mixture as a group (fig. 1). The average 
amount per animal per day until Feb. 24, 
1949, was somewhat more than during the 
preceding period, and closely approximated 
that consumed between May 1 and July 14. 

Two groups of 3 animals each were 
maintained between May 13, and Nov. 10, 
1949 (fig. 1). One group was provided with 
the salt-phenothiazine mixture and _ the 
other group with salt. The groups given 
pure salt consumed more than any other 
group of animals during the entire experi- 
ment (fig. 1,2,3). Those given the salt- 
phenothiazine mixture consumed from 0.0 
to 27.0 Gm. in the different time periods. 
The amount of phenothiazine consumed 
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was below the 0.5-Gm. minimum necessary 
for parasite control during some of the 
time periods. 

Because of these observations, it was 
decided to keep, as nearly as possible, the 
same animals under continuous observation 
for longer periods and to isolate them as 
early as possible. An additional two thirds 
of an acre of pasture was made available 
adjoining the others. These objectives were 
not completely attained until Sept. 16, 1950. 

On April 18, 1950, animals 196, 199, and 
201 in one pasture and 191 in the new 
pasture were provided with the mixture, 


while animals 198 and 200 in the other 
pasture were given salt only (fig. 2). This 
was maintained until September 2, when, 
with additional facilities completed, the 
animals given the salt-phenothiazine mix- 
ture were separated. On September 16, the 
salt-fed animals were likewise separated. 
One of the 2 animals that utilized the barn 
with the original salt boxes was offered salt 
and the other was offered the mixture. The 
other cattle obtained salt or the salt-pheno- 
thiazine mixture from 2.5-gal. buckets. The 
type of container apparently did not affect 
the amount consumed. 
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Fig. 1—Grams of salt or salt plus phenothiazine mixture (drug shown by shaded portion at 
base of bar) consumed per day (average for the period) by the animal indicated by numbers 
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plus phenothiazine consumed per day by animals indicated 


by numbers, for various periods during a year (1951-1952). 


Fig. 3—Average grams of salt or salt 
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The consumption of salt and the salt- 
phenothiazine mixture from Sept. 16, 1950 
to April 25, 1951 is shown by individuals 
(fig. 2). There was a great variation in the 
amounts consumed both by individuals 
given salt and those given the mixture. 
There was also much variation in the 
amounts consumed by the same individual 
in different time periods. 

Beginning May 21, 1951, an entirely 
new group of 5 animals was used, salt 
being offered to 2 and the mixture to 3 of 
them. On July 5, calf 216 was added to 
the group given the mixture; on August 
21, calf 224 was added to the group given 
pure salt. This arrangement was main- 
tained until June 20, 1952 (fig. 3). The 
same general conclusions were reached as 
in the case of the preceding animals. Much 
variation occurred in the amount consumed 
among individuals in the same time period 
and in the same individual in different 
time periods. Also, except between Jan. 30 
and March 15, 1952, most of the animals 
given the mixture did not obtain enough 
(0.5 Gm.) phenothiazine to effectively con- 
trol the parasitic larvae. 

In October, 1952, a supply of a commer- 
cial mixture containing 87 per cent salt, 10 
per cent phenothiazine, and 3 per cent 
molasses was obtained. The molasses was 
expected to make it more palatable. This 
was fed (fig. 4A) to animals in the same 
quarters as in the preceding experiments. 
In general, the results were the same as 
with the salt-phenothiazine only. 


AVERAGE Datty CONSUMPTION 
or SALT VERSUS THE MIXTURE 


The average daily consumption of salt 
and of the salt-phenothiazine mixture, 
after the animals were separated, was 
compared by data periods (fig. 4B). The 
lower portion of the figure shows the aver- 


ages consumed from Sept. 2, 1950 to April 
25, 1951 (fig. 2). More salt than mixture 
was consumed during five of the seven 
periods, and in only four periods did the 
amounts closely approximate each other. 
The upper portion of figure 4B shows the 
averages consumed from May 21, 1951 to 
June 20, 1952 (fig. 3). During five of the 
seven periods ‘the consumption of salt ex- 
ceeded that of the mixture, and during 
the other two periods there was little 
difference. 


CONSUMPTION BY SEASONS OF THE YEAR 


When the consumption of the salt-pheno- 
thiazine mixture is compared by seasons of 
the year (fig. 4C), most of the groups of 
animals consumed less during the fall 
months. These data indicate no clearly 
defined seasonal variation in the consump- 
tion of the mixture. Much of the time it 
was below 5.0 Gm. of the mixture, the 
amount necessary to supply the amount of 
the drug (0.5 Gm.) required to control 
larval development. Some groups of ani- 
mals consumed larger amounts when it was 
first offered than they did later, but this 
was not true of the animals in the 1949 and 
1951-1952 groups. 

The variability in the amount of salt- 
phenothiazine mixture consumed by ani- 
mals 217 and 191 in various seasons of the 
year is shown (fig. 4D) as taken from fig- 
ures 2 and 3. 


SUMMARY 


Data are presented on the average daily 
rate of consumption of salt and of a 10:1 
salt-phenothiazine mixture by cattle main- 
tained under the same conditions of man- 
agement over a period of five years. Ani- 
mals were individually isolated during 21 
months of this time. 


Legend for Illustration on Opposite Page 


Fig. 4A—Average grams of salt-phenothiazine-molasses mixture consumed per animal per day 
during the period shown. 


Fig. 4B—Comparison of the salt vs. the salt-phenothiazine consumption as summarized from 
figures 2 and 3. 


Fig. 4C—Seasonal variation in the salt-phenothiazine mixture consumed by the groups of calves 
during different years. 


Fig. 4D—Average daily consumption of salt and phenothiazine, by calves 217 and 191, at various 
seasons in one year. 
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There was a wide variation in the 
amounts of salt and of the salt-phenothia- 
zine mixture consumed by different indi- 
viduals in the same period and by the same 
individual in different periods. 

The amount of the mixture consumed 
was often less than that necessary to supply 
the 0.5 Gm. of the drug necessary to control 
larvae development, indicating that a salt- 
phenothiazine mixture is not a reliable 
method of administering the drug for max- 
imum effectiveness. 

A commercial salt-phenothiazine-molasses 
mixture was not consumed more consis- 
tently or readily than was the salt-pheno- 
thiazine alone. 

There was no consistent difference in the 
rate of consumption of the salt-phenothia- 
zine mixture during different pericds or 
seasons of the year. 
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Infectious Bovine Rhinotracheitis—The Occurrence of 
Intranuclear Inclusion Bodies in Experimentally 
Infected Animals 


Major R. A. CRANDELL, V.C., U.S.A.F.; W. J. CHEATHAM, M.D.; 
Lt. Col. F. D. MAURER, V.C., U.S.A.F. 


Washington, D.C. 


Since the first descriptions of infectious bo- 
vine rhinotracheitis (1BR), several papers 
have dealt in part with the etiology and 
pathology of the disease.** 1! In these re- 
ports, it was either stated that no inclusion 
bodies were found or rio ‘mention was 
made of their oceurrence.* ‘ 

MeKercher et al.® reported that rpr is, in 
most eases, manifested as a mild inflamation 
of the upper respiratory tract. These au- 
thors stated that the more extensive lesions 
undoubtedly developed as a result of bac- 
terial invasion and the pure viral infection 
was probably nothing more than acute ca- 
tarrhal inflammation. 

Following the report of the cultivation 
of the causative agent of this disease in 
tissue culture by Madin et al.,> we were 
able to demonstrate that intranuclear inclu- 
sion bodies were a constant feature of the 
eytopathogenicity of several strains of the 
virus in tissue cultures of bovine kidney 
and human amnion.? With this demonstra- 
tion, it seemed desirable to reinvestigate the 
histopathology of the disease, with particu- 
lar reference to the occurrence of inclusion 
bodies in the natural host under experi- 
mental conditions. 

This paper describes the inclusion bodies 
as they appear in the experimentally in- 
fected calves and reports several conditions 
which influence their demonstration. 


MATERIALS AND METHODS 


Tissue Cultures——Cultures of young, adult, bo- 
vine kidney cells were prepared by the trypsin- 
digestion method of Madin.* Nutrient medium 
consisted of 95 per cent lactalbumin hydrolysate- 
Tris solution [0.5% lactalbumin hydrolysate in 
Hanks’ balanced salt solution, modified by the 
addition of 0.01 M Tris (hydroxymethyl amino- 
methane) adjusted to a pH of 7.4] and 5 per cent 


lamb serum. Phenol red (0.002%), penicillin (500 


From the Armed Forces Institute of Pathology, Wash- 
ington 25, D.C. Dr. Cheatham is now with the Depart- 
ment of Pathology, Vanderbilt University, Nashville, 
Tenn. 


units/ml.), streptomycin (0.5 mg./ml.), and myco- 
statin (100 units/ml.) were incorporated in the 
medium. 

Virus.—Three strains of virus were studied. The 
first was provided as fluid from the fifteenth tissue 
culture passage and is referred to as the Pritchard 
strain.* The American and Cooper strains were ob- 
tained as nasal washings from animals with clinical 
eases of 1nk.t Cytopathogenic agents were isolated 
and passed serially from both nasal washings in 
cultures of bovine kidney cells. The 50 per cent 
infective dose (t.c.i.dso) was calculated by the 
method of Reed and Muench” and was based on 
an inoculum of 0.1 ml. per culture tube. 

Experimental Animals.—Nine dairy calves, 4 to 
5 months old, and 1 Hereford calf, 4 months old, 
were used. All calves were obtained locally from 
farms on which 1sR had not been encountered. The 
animals were allowed to adjust:to their new en- 
vironment indoors without handling for 12 days. 
During the next two weeks, rectal temperatures and 
leukocyte counts were taken daily and each animal 
was observed for signs of illness. All temperatures 
and leukocyte counts were considered to be within 
normal limits and the animals appeared healthy. 

During this observation period, nasal smears were 
taken and assayed for the presence of cytopatho- 
genic agents in tissue culture; no cytopathogenic 
agents were isolated. Blood samples were taken 
from all the animals and serum-neutralization tests 
were performed, utilizing serum dilutions against 
100 t.c.i.d.so doses of the American strain virus in 
tissue cultures of bovine kidney. All serums were 
negative for antibodies for IBR virus, as evidenced 
by their failure to inhibit cytopathogenic changes 
in tissue culture in the lowest dilution tested (1:2). 

Nasal secretions were collected prior to inocula- 
tion and again at the time of necropsy by placing 
sterile cotton swabs in each nostril, streaking across 
the septum and turbinates, and immersing in 1 ml. 
of tissue culture medium. Nasal specimens and por- 
tions of lung taken at the time of necropsy were 
stored at —60C. until assayed for virus. 

Animal Inoculation.—Calves were inoculated 
with 5 ml. of undiluted, infected, tissue culture 
fluid by intranasal instillation with a nasal atom- 
izer. In addition to intranasal inoculation, calf 65 
was given 5 ml. intratracheally. Each inoculum of 
5 ml. was ecaleulated to contain approximately 6.75 


* Supplied by Dr. W. R. Pritchard, Gainesville, Fla. 
+ Obtained from Dr. T. L. Chow, Colorado State Uni- 
versity, Fort Collins. 
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—AFIP—MIS-57-7485-1 
Fig. 1—Calf 65 showing nasal discharge and 


slight lacrimation 55 hours following inoculation 
with infectious bovine rhinotracheitis virus. 


X10’ t.c¢.i.d.co. Seven calves were given the third 
tissue culture passage of the American strain virus. 
Calf 82 was given the second tissue culture passage 
of the Cooper strain, and calf 83 was given the 
nineteenth tissue culture passage of the Pritchard 
strain virus. 

Necropsy Protocol_—One calf was killed before 
inoculation as a normal control animal. The ani- 
mals inoculated with Pritchard and Cooper strains 
were killed at 55 and 49 hours, respectively. The 
remaining animals were killed at 12, 23, 36, 48, 55, 


TABLE i—Clinical Response in 9 Calves Inoculated with IBR Virus 


Virus recovery 


Calf 
No. 


Virus Clinical symptoms Nasal 


60, and 71 hours following inoculation with the 
American strain. With 1 exception, the animals were 
killed by electrocution. One calf was given a lethal 
dose of sodium pentobarbitol. A complete necropsy 
was performed immediately after death. Represen- 
tative tissues of all organs were fixed in Bouin’s 
fluid. Sections were stained with hematoxylin and 
eosin. 


RESULTS 


The clinical response of the inoculated 
animals was similar to that as reported by 
other authors.”"* The animals generally dis- 
played sudden onset of illness with eleva- 
tion of temperature, salivation, slight serous 
nasal discharge, and lacrimation (fig. 1). 
The clinical signs observed in each animal 
and the results of virus isolations are sum- 
marized (table 1). 

Gross Pathology.—The most significant 
lesions developed in the upper respiratory 
tract, particularly in the mucosa of the 
nasal passages, turbinates, and paranasal 
sinuses (fig. 2). With the American strain 
of virus, examination of these areas revealed 
numerous petechiae and granularity of the 
mucosa as early as 12 hours after inocula- 
tion. Congestion and serous exudate was 
present after 36 hours. At 48 hours, the 
exudate was mucoid in character, and by 71 
hours there were focal superficial ulcera- 
tions of the mucosa and abundant mucopu- 
rulent exudate. Some animals also showed 


Temperature recordings 


Postinoculation 


Time 
thr.) 


At nec- 
ropsy 


Time 
(hr.) 


Pre- 


Lung inoe. Highest 


Slight conjunctival congestion N.A.* 
with some lacrimation. Mucous 

exudate around external nares 

Mild diarrhea with some + 
mucus in feces. Salivation 

and lacrimation. 

Minimal conjunctival conges- 
tion with slight serous exudate, 
copious amount cf mucous 
exudate about external nares. 
None 

No signs of illness other 

than mildly forced abdominal 
breathing 

Conjunctival congestion with 
serous lacrimation and nasal 
discharge, depressed, deep 

dry cough. 

Very depressed, dry, 
painful cough. 
Conjunctival congestion with + 
profuse lacrimation and sero- 

purulent discharge. Muco- 

purulent discharge from nostrils. 
Slight depression, serous dis- _- 
charge from eyes and nostrils. 


82 Cc 


++ 


deep, 


81 A 


N.A. 102.2 106.0 43 105.6 49 


101.8 104.6 55 


_ 101.8 103.4 41 103.0 55 


101.8 


102.0 1 
103.4 23 


102.2 


_ 102.0 106.1 36 106.1 36 


7 102.0 106.2 48 106.2 48 


+ 101.2 105.0 60 105.0 60 


— 102.1 103.9 71 103.9 71 


Virus code: 


A = American virus; C = Cooper virus; P = Pritchard virus; 


* N.A. = not attempted. 
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mild congestion of the mucosa of the larynx, 
trachea, and bronchi, and a few petechiae 
in the epiglottis. 

Small areas of atelectasis or pneumonic 
consolidation and petechiae were seen in 
some animals. In the digestive tract, con- 
gestion of the mucosa became increasingly 
severe with time and, after the sixtieth 
hour, petechiae were also present. The 
lymph nodes were enlarged, bulged on cut 
surface, and revealed scattered petechiae. 
Other lesions observed were minor and 
inconsistent. 

The lesions observed in the 2 calves inocu- 
lated with the Cooper and Pritchard viruses 
were similar to those of calves given the 
American strain of virus, when killed at 
comparable times. 


Histopathology.—The salient cytological 
features appeared in the mucosa of the 
upper respiratory tract. Similar changes 
occurred in both stratified squamous and 
pseudostratified columnar epithelial cells. 
The cytoplasm of such cells was frequently 
pale and vacuolated. Later, it showed bal- 
looning degeneration, became granular, and 
the cells lost their peripheral outline. Nu- 
clear changes were observed in some of the 
cells showing early cytoplasmic alterations. 
Small, irregular aggregates of pale, aci- 
dophilic material were first noticed dis- 
persed among the nuclear chromatin. 
Simultaneously, the chromatin became mar- 
ginated and the nucleolus either frag- 
mented and disappeared or contracted and 
remained at the nuclear margin as a small 
basophilic body. The pink material tended 
to become more homogeneous and filled the 
major portion of the nucleus. Later, this 
material contracted, leaving a clear halo 
surrounding a now distinct, acidophilic, 
and often irregular, inclusion body (fig. 3). 
These inclusions were seen throughout the 
mucosa and in cells of tissue fragments sep- 
arated from the surface. 

At 12 hours, the mucosa of the nasal sep- 
tum, turbinates, and nictitating membrane 
presented a few foci of degenerating cells 
with early cytoplasmic changes, but with- 
out definite nuclear changes. 

At the twenty-fourth hour, these lesions 
were more prominent, and the pharynx was 
similarly involved. Early nuclear changes 
appeared in the turbinates, but they did 
not progress to distinct inclusions at that 
time. 


By 36 hours, numerous well-formed intra- 
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Fig. 2—Turbinates and nasal septum of a calf 55 
hours after inoculation showing petechiae and 
granularity of the mucosa. 


nuclear inclusions were first seen in the 
epithelial cells of the nasal septum, and 
cytoplasmic changes occurred in epithelial 
cells of the trachea. 

At 48 and 60 hours, nuclear inclusions 
appeared in the turbinates and bronchi. 
Early nuclear changes became apparent in 
the trachea, but at no time were well- 
develop inclusions observed. 

At 71 hours, the previously listed changes 
prevailed, with the exception of well-formed 
inclusions, which were not found. 


—AFIP—MIS-57-16023 


Fig. 3—Intranuclear inclusion bodies (arrows) in 
epithelial cells of nasal septum of calf at 36 hours. 
H & E stain; x 700. 
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Fig. 4—Intranuclear inclusion bodies (arrows) in 

tissue culture of bovine kidney cells infected with 

American strain of infectious bovine rhinotrache- 
itis virus. H & E stain; x 315. 


When these specific cellular changes 
caused a break in the mucosal surface, they 
were accompanied by the development of an 
acute inflammatory infiltrate and secondary 
bacterial infection (fig. 5). In general, this 
sequence of cell degeneration, erosion, in- 
flammation, and exudation increased in se- 
verity during the 12- to 71-hour period 
after inoculation. 

With one exception, the histological le- 
sions in the calves given the Cooper and 
Pritchard viruses were consistent with those 
given the American strain of virus, when 
killed at comparable times. With the Cooper 
virus, inclusions were also seen in the epi- 
thelial cells of the pharynx in the calf which 
was killed at 49 hours. 

Lesions in other tissues were not indica- 
tive of the viral activity and were con- 
sidered secondary in nature. 


DIscussIONn 


As reported here, inclusions were first 
seen in cells of the upper respiratory tract 
at 36 hours, and persisted through 60 hours 
postinfection. Since the inclusions were 
demonstrated primarily in the epithelial 
cells of the upper respiratory tract, it is 
not surprising that their presence was tran- 
sitory in nature. Although a major portion 
of the pathological changes seen in these 
animals was apparently the result of sec- 
ondary bacterial infection, it is belived that 
the demonstration of inclusion bodies is a 


 —AFIP—MIS-57-16022 
Fig. 5—Same preparation as figure 3 showing in- 
flammatory infiltrate. H & E stain; x 35. 


benefit in making a specific diagnosis in 
necropsy material and is indicative of the 
primary site of injury with this virus. 

Although our attempt to isolate virus 
from the calf at 71 hours failed, the clinical 
response and ensuing histological changes 
were indicative of viral infection. The le- 
sions suggest that serial sections might have 
revealed inclusions in tissues other than re- 
ported here. 

Several attempts by us and Chow® to 
demonstrate inclusions in nasal smears 
taken from experimentally infected animals 
early in the course of illness have been 
unsuccessful. 

Since intranuclear inclusions were a con- 
stant feature of the cytopathogenicity of 
IBR Virus in bovine kidney tissue culture but 
had not been previously reported in nee- 
ropsy material, two conditions which might 
affect their demonstration were considered. 
These were the fixatives employed and the 
time during the course of disease in which 
necropsy specimens were examined. 

In the investigation of the effects of fixa- 
tion, the tissue cultures infected with IBR 
virus were fixed with several common fixa- 
tives. A number of cultures exhibiting cyto- 
pathogenic changes induced by the virus 
were fixed in Bouin’s fluid, Zenker’s acetic, 
10 per cent formalin, methyl alcohol, and 
acetone. All cultures were stained with 
hematoxylin and eosin and examined for 
inclusions. Of the fixatives studied, Bouin’s 
fluid and Zenker’s acetic were superior for 
the demonstration of inclusions. In the tis- 
sue culture preparations fixed in methyl 
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alcohol or acetone, nuclear detail was good 
but well-formed inclusions were not demon- 
strable. The formalin-fixed tissue culture 
preparations were the least desirable for 
studying the cytopathology. In these, in- 
clusions bodies were not observed. 

Necropsy specimens from the same calf 
infected with pr were fixed in Bouin’s 
fluid, Zenker’s solution, and 10 per cent 
formalin. Histological preparations of these 
tissues were stained with hematoxylin and 
eosin. Well-formed inclusions were readily 
demonstrated in tissues fixed with Bouin’s 
fluid and Zenker’s solution. Although nu- 
clear changes were evident, distinct inclu- 
sions were not apparent in the formalin- 
fixed material. These results indicate that 
formalin fixation is not as effective as the 
acid fixative (Bouin’s or Zenker’s solution ) 
in demonstrating these inclusions. 


SuMMARY 


A description was given of intranuclear 
inclusion bodies occurring in epithelial cells 
of the respiratory tract of calves inoculated 
with three strains of infectious bovine 
rhinotracheitis. The inclusions occurred as 
early as 36 hours postinfection and per- 
sisted through 60 hours. 

Acid fixations with Zenker’s and Bouin’s 
fluid were superior to formalin in the dem- 
onstration of well-formed inclusions. 


XUM 


The value of inclusions as an aid in clini- 
eal diagnosis is questionable in view of their 
transitory nature. 
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Thermal Inactivation and Antigenicity Studies of Heated 
Tissue Suspensions Containing Foot-and-Mouth 
Disease Virus 


G. T. DIMOPOULLOS, Ph.D.; O. N. FELLOWES, Ph.D.; J. J. CALLIS, D.V.M., M.S.; 
G. C. POPPENSIEK, V.M.D., M.S.; A. G. EDWARD, D.V.M.; J. H. GRAVES, D.V.M. 


Greenport, Long Island, New York 


THE HiGHLY CONTAGIOUS NATURE of foot- 
and-mouth disease (FMp) makes it impera- 
tive that strict safety precautions be ob- 
served to insure control of the virus. The 
use of noninfectious antigens for serological 
tests is desirable so that laboratory pro- 
cedures, such as the complement-fixation 
(cF) test, may be performed without ex- 
posing susceptible animals or contaminat- 
ing laboratory work areas. 

In these studies, attempts were made to 
prepare a noninfectious rmp viral antigen 
for use in the cr test. Infected tissue sus- 
pensions were heated in a water bath at 
various temperatures for different periods 
of time followed by determinations of anti- 
genicity and infectivity of these materials. 
Such studies led to determination of the 
thermal death point of the virus. 


REVIEW OF LITERATURE 


A survey of the literature showed that details 
were lacking on the effects of heat on the infec- 
tivity of materials containing foot-and-mouth 
disease virus (FMDV). Data concerning test ani- 
mals, routes of inoculation, virus source and his- 
tory, volume of inoculum, pH of the suspending 
medium, methods of heating, and other pertinent 
details were omitted in many of the previous 
reports. 

Initial work on the effect of heat on FMDV was 
done by Loeffler and Frosch’ during the latter 
part of the nineteenth century. These investigators 
observed that FMDV contained in vesicle fluid from 
lesions on the bovine tongue was inactivated by 
heating at 31 C. for 24 hours, at 37 C. for 12 hours, 
and at 70C. for one half hour. Virus infectivity 
was not always destroyed when it was heated at 
60 C. for one half hour, as determined by infectiv- 
ity tests in cattle and swine. Data concerning 
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doses, routes of inoculation, and dilutions were 
not given. 

Hecker ™ reported that rmpv contained in vesicu- 
lar fluid, saliva, and manure was rendered inactive 
by heating at both 53 and 70C. for as little as 
three days. This was demonstrated by the absence 
of lesions in cattle after intravenous inoculation 
and application of such material to searified oral 
mucosae. 

British workers*” studied the effect of heat 
on guinea pig vesicular fluid and found that a 
temperature of 55C. inactivated the infectious 
property of the virus in 15 to 40 minutes when 
suspended in saline solution, and in one or two 
minutes when suspended in phosphate solution at 
a pH of 7.6. Olitsky et al.” reported that the in- 
fectious property of FMDV contained in guinea pig 
vesicular fluid survived for three but not five days 
when diluted in phosphate buffer at a pH of 7.6 
and held at 37°C. Sichert-Modrow * reported that 
the infectivity present in dried guinea pig vesicu- 
lar fluid survived for two and one half hours when 
heated at 70C., and for three minutes at 122 C. 

It was stated in the first progress report of the 
British Foot-and-Mouth Disease Research Com- 
mittee * that infectivity of FMDV was destroyed at 
37C. in 24 hours when diluted in phosphate- 
buffered glycerol at a pH of 7.6, but survived for 
five days at 37 C. when diluted in phosphate buffer 
at a pH of 7.6. 

Trautwein * reported that FMDV in vesicle cover- 
ings from guinea pigs and swine was not infectious 
for guinea pigs when suspended in saline solution 
and heated at 60 C. for five minutes. In suspensions 
of bovine tongue epithelium, virus infectivity sur- 
vived for six days when heated at 37C.” When 
sweetbreads from infected animals were heated in 
water for as long as 22 minutes at 60C. and sus- 
pensions were prepared from these tissues for the 
determination of infectivity, it was found that the 
virus was noninfectious.” 

Matte and Sanz” found infectious defibrinated 
bovine blood to be noninfectious for cattle when 
heated at 58 and 60C. for 15 minutes. 

Virus in infected guinea pig blood survived treat- 
ment at 37.5C. for 24 hours and at 42C. for 12 
hours.” Similarly, infected guinea pig blood heated 
at 50 C. for 150 minutes was found to be infectious, 
whereas when it was heated at 55 C. for 20 minutes 
and at 60C. for two minutes, the infectivity was 
destroyed.’ When blood was heated at 37C., the 
infectious nature of FMDV was found to be active 
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after 24 but not 48 hours, as shown by guinea 
pig infectivity tests.” In additional studies, the 
British * showed that a temperature of 60C. for 
two minutes inactivated the virus in infectious 
guinea pig blood, as demonstrated by the absence 
of lesions in guinea pigs. 

The effect of heat on the complement-fixing ac- 
tivity of FMDV suspensions has been given little 
attention. Exposure temperatures of 56 and 60C. 
for as long as one hour did not significantly affect 
the complement-fixing activity of antigen, although 
infectivity was not always destroyed.* ° 

Reviews of certain aspects of inactivation of 
FMDV by heating, reported prior to 1939, occur in 
two monographs.” ’” 


MATERIALS AND METHODS 


Preliminary Experiments.——Several methods of 
heating infected tissue suspensions were employed: 
(a) virus suspensions were placed in cotton-plugged 
tubes which were immersed in a constant-tempera- 
ture water bath; (b) water-tight, rubber-stoppered 
tubes fitted with a thermometer and containing 
virus suspensions were placed in a constant-tem- 
perature water bath; and (c) flame-sealed ampules 
eontaining virus were completely immersed in a 
constant-temperature water bath, with and without 
stirring the contents of the water bath. 

In the preliminary trials, 107° dilutions of virus 
suspensions were heated at 56, 58, 60, 62, and 65 C. 
for 30 minutes. In most trials, serial tenfold dilu- 
tions of heated suspensions were inoculated into 
steers, guinea pigs, suckling mice, and tissue cul- 
tures of calf kidney epithelial cells in stationary 
tubes. Infectivity was demonstrated in each in- 
stance in one or more of the mediums used. In 
some instances, more infected sites on the bovine 
tongue and higher numbers of cultures of calf kid- 
ney cells showing cytopathogenic effects were ob- 
served after inoculation of the higher dilutions of 
virus than after inoculation of the lower dilutions. 
This reversal of infectivity, although not always 
observed, suggested an interference phenomenon 
such as has been reported with mixtures of active 
and inactive virus.” 

Following these observations, it was decided that 
the techniques used for heat treatment of virus 
suspensions were not adequate for accurate control 
of temperature. Therefore, a unit which met the 
requirements for adequate control of temperature, 
agitation of tissue suspensions, and stirring of the 
contents of the water bath was devised.’ In this 
unit, the temperature may be controlled to +0.01 C. 

Preparation of Virus Suspensions.—Epithelium 
was used as the virus source from bovine tongues 
and guinea pig foot pads infected with Frmpv, type 
A, strain 119 (A-119), originally obtained from 
the Research Institute, Pirbright, Surrey, England. 
The tissues were ground in a mortar with alundum 
and diluted with tryptose phosphate broth at a pH 
of 7.4 to a 10 per cent concentration. Virus sus- 
pensions were centrifuged for 20 minutes at 700 x g 
and dispensed in 20-ml. amounts into flat-bottomed 
glass vials, measuring 25 by 95 mm. Exceptions 
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were made, involving massive-dose inoculation ex- 
periments, where virus suspensions were heated in 
125-ml. amounts in milk-dilution bottles. Each of 
the vials or bottles contained a plastic-covered 
magnet and was fitted with a calibrated thermome- 
ter fixed securely in a water-tight rubber stopper. 
Various temperatures and periods of exposure time 
were used. Timing of the heat treatment was begun 
when the desired temperature was reached in the 
suspension. Pre-exposure time ranged from three 
to 15 minutes, depending upon the volume of test 
material. After heat treatment, all materials were 
promptly chilled to approximately 4C. Unheated 
control suspensions held at 4C. were diluted and 
tested for infectivity and complement-fixing activ- 
ity after the preparation of the heat-treated 
samples. 

Infectivity Tests—Small-Volume Inoculums.— 
Heated tissue suspensions were routinely diluted 
from 107° to 10“ in tryptose phosphate broth for 
infectivity tests in cattle, guinea pigs, and mice. 
For infectivity tests in tissue cultures, the suspen- 
sions were diluted in tissue culture fluid consisting 
of 2.0 per cent bovine serum and 0.5 per cent 
lactalbumin hydrolysate in Hanks’ balanced salt 
solution.’ Unheated virus suspensions were diluted 
in the appropriate fluids deseribed above. The 50 
per cent lethal dose (1.d.x0.) and 50 per cent in- 
fectious dose (i.d.sco) titers obtained using these 
various mediums were calculated according to the 
method of Reed and Muench.” 


Several experiments were designed to determine 
the effects of removal of extraneous tissue com- 
ponents which might possibly protect virus parti- 
cles from heat. Infected bovine tongue epithelium 
was used as the virus source. In one experiment, 
virus was prepared in tryptose phosphate broth 
and filtered through a Selas 03 filter. The filtrate 
was heated as previously described at 70C. for 
varying periods of time. In another experiment, 
virus was prepared in phosphate buffered saline 
solution at a pH of 7.4 and centrifuged at 30,000 
r.p.m. for 90 minutes at 105,500 x g. The sediment 
was resuspended in buffered saline solution and 
heated as before at 70C. 

Cattle-—Grade Hereford steers, 18 to 24 months 
old and weighing 600 to 700 lb. each, were inocu- 
lated with 0.1-ml. amounts by the intradermolingual 
(i.d.1.) route in five sites for each dilution, using 
four dilutions per tongue and 2 steers per sample.”* 
The animals were observed daily for as long as 14 
days for vesiculation, elevated body temperature, 
and other signs of rmp. Steers not showing evi- 
dence of infecticn were tested for susceptibility by 
the inoculation of 2.0 ml. in approximately 20 sites 
by the i.d.l. route with a 10° suspension of active 
FMDV of bovine origin. 

Serum samples, collected from cattle at various 
intervals following inoculation with control and 
heated materials, were tested for the presence of 
specific antibody. The virus-neutralization test in 
suckling mice * and the less sensitive complement- 
fixation test * were used. 

Guinea Pigs.—Guinea pigs, weighing approxi- 
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mately 600 Gm. each, were inoculated in each 
metatarsal pad, using 0.1-ml. amounts by the tun- 
neling technique and 10 guinea pigs per dilution. 
The animals were observed for approximately 14 
days for vesiculation and other signs of infection. 
Guinea pigs not responding to primary inoculations 
during the observation period were tested for sus- 
ceptibility by inoculation of each pad with 0.1 ml. 
of a 10° suspension of active guinea pig-adapted 
rmpv-A119.° 

Suckling Mice.—Mice, 7 to 9 days of age, were 
inoculated intraperitoneally with 0.05-ml. amounts 
of the heated suspensions or unheated control sus- 
pensions, using 10 mice per dilution. The mice were 
observed daily for paralysis and death. Final read- 
ings were made 14 days after inoculation.” 

Tissue Culture.—Trypsin-dispersed calf kidney 
cells were propagated in stationary tubes for seven 
days in 0.8 ml. of tissue culture fluid. Each tube 
was inoculated with 0.4 ml. of the diluted tissue 
suspension, using 10 tubes of cultured tissue cells 
per dilution. The tissue cultures were observed for 
48 hours for cytopathogenic effect produced by 
FMD virus.’ 

Infectivity Tests—Large-Volume Inoculums.— 
The possibility existed that, although steers were 
inoculated with small volumes of infected tissue 
suspensions heated at 85 C. for six hours and found 
to be noninfective, such might not be the case if 
dilutions of such preparations were inoculated in 
large volumes. A 10~ suspension of infected bovine 
tongue epithelium was prepared as previously de- 
scribed. The supernatant fluid of the suspension 
was heated at 85C. for six hours. After being 
heated, the material was diluted in series of 10~ to 
10-*, inelusive. 

Cattle—In the massive inoculation experiments, 
5.0 ml. of the 10 suspensions was inoculated in 
approximately 20 sites, 0.25 ml. per site, by the 
i.d.l. route into each of 2 steers. Additional steers 
were inoculated by the intravenous (i.v.), subeuta- 
neous (s.c.), and intramuscular (i.m.) routes, us- 
ing 50.0 ml. in each of 2 steers for each route. 

Steers were inoculated by the i.m. route with 
50-ml. amounts and by the i.d.l. route with 5-ml. 
amounts of the dilutions 10° to 10° of the spe- 
cially designed experiment to test infectivity of 
large volumes of dilutions of heated preparations. 

The original virus, in all instances, was titrated 
in 2 steers by the inoculation of dilutions 10° to 
10° via the i.d.l. route. The inoculated cattle were 
held for 14 days and challenged with dilutions of 
the original virus held as frozen tissue for that 
purpose. 

Blood samples from cattle inoculated with heat- 
treated virus were taken seven and 14 days post- 
inoculation, and the 14-day samples were examined 
for complement-fixing antibodies by the Traub- 
Méhlimann test.” Portions of the same samples 
were tested for neutralizing antibody in a virus- 
neutralization test in suckling mice. 

Guinea Pigs.—Guinea pigs were inoculated in 
the rear plantar pads with dilutions of original 
virus containing antibiotics (1,000 units penicillin 


and 1 mg. streptomycin per ml. of suspension), 
using 5 animals per dilutions of 10~* to 10°. Heated 
virus suspensions were also tested in guinea pigs 
in dilutions of 107° to 10°. Each guinea pig re- 
eeived 5 ml. intramuscularly, with 5 or 10 animals 
per dilution. All guinea pigs were challenged with 
active virus by pad inoculation after 14 days’ 
observation. 

Tissue Culture.—Cultures of bovine kidney cells 
were inoculated with dilutions of 10* to 10° of 
original virus to which antibiotics were added. Ten 
tubes of cultured cells were used per dilution. In 
the same manner, dilutions of 10° to 10° of the 
heated virus suspension were inoculated into ecul- 
tured kidney cells. 

Laboratory Safety Tests—In a determination 
of the thermal death point of a relatively heat- 
resistant infectious agent such as FMDV, when ani- 
mals are the test mediums experimental conditions 
must be critically controlled to insure that virus 
is not transferred from infected to clean areas or 
animals. 

In one of three experiments, the infectivity was 
not destroyed in virus heated at 85C. for four 
hours. The virus used in this one trial was found 
to have an i.d.o of 9.6, which is at least 1.5 log 
units higher than the virus used in the other two 
trials. 

When the suspensions of infected bovine tongue 
epithelium were heat-treated at 80 C. for six hours, 
infectivity was also present. Because of the wide 
differences in the findings reported here and those 
appearing in the literature,” ™ it was necessary to 
determine that virus was not accidentally trans- 
ferred to the animals given heat-treated virus. For 
this series of tests, virus heated at 80C. for six 
hours was used. 

In these trials, routine laboratory operating pro- 
cedures were followed as in all preceding experi- 
ments. Experimental animal-holding rooms were 
decontaminated and stocked with steers for a two- 
week observation period prior to inoculation of 
heated materials. The animals were observed daily 
for signs of infection and elevation of body tem- 
perature to test for residual infectious virus in the 
animal rooms. At the end of the two-week holding 
period, 1 of 2 control steers in each isolation room 
was inoculated by the i.d.l. route in multiple sites, 
using 5-ml. amounts of a 10~ suspension of normal 
bovine tongue epithelium heated at 85C. for six 
hours. The other normal control steer in the room 
was not inoculated but served as a contact control 
for the inoculated animal in the same room. Other 
steers were then inoculated with suspensions of in- 
fected bovine tongue epithelium, heated at 85C. 
for six hours and known to be noninfectious on the 
basis of data developed in past trials. A 107 dilu- 
tion was inoculated into each of 2 steers per route, 
using 50-ml. amounts by the i.v., s.c., and i.m. 
routes and 5 ml. by the i.d.l. route. Additional 
steers were then inoculated in the same manner 
as described above with material heated at 80C. 
for six hours which, on the basis of previous trials, 
was thought to be infectious. 
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The animals were in suites composed of two 
rooms separated by a shower. Each of the animal 
rooms was separated from the shower by an air- 
tight door. Steers inoculated with a heated sus- 
pension of normal, noninfected, bovine tongue 
epithelium were located in one room, while steers 
inoculated with heated, infected suspensions were 
in the other. All steers were held for two weeks 
under these conditions. At the end of this period, 
all animals inoculated with heated suspensions and 
not showing infection were challenged and held 
for an additional two weeks to determine possible 
spread of active virus to control animals inoculated 
with normal heated samples in the adjoining room 
of each suite. 

The unheated virus control suspension and the 
normal tissue suspensions heated at 80 and 85C. 
for six hours were also inoculated into tissue cul- 
tures of calf kidney epithelial cells, using the sta- 
tionary tube and plaque assay techniques. Ten 
tubes and three monolayer cultures were used for 
each dilution of 107 through 10~*. 

Mice, 7 to 9 days old, were inoculated by the 
intraperitoneal route in 0.05-ml. amounts with dilu- 
tions of the unheated virus control suspension and 
the two heated infected suspensions, using 10 mice 
per dilution, 10° through 10°. In addition, 100 
mice were similarly inoculated in 0.1-ml. amounts 
with a 10° suspension for each of the two heated 
infected suspensions. 

Guinea pigs were inoculated in the foot pad with 
6.1-ml. dilutions (107 through 10°) of the un- 
heated virus control suspension and the two heated 
infected suspensions, using 5 guinea pigs per 
dilution. In addition, guinea pigs were inoculated 
by the i.m. route with 5-ml. amounts, using 10 
guinea pigs for each of the two heated suspensions. 

All mice and guinea pigs were held for two 
weeks and, in the absence of lesions, the guinea 
pigs were challenged with active bovine-adapted 
FMDV. 

Complement-Fixation Tests—Heated and con- 
trol suspensions of FMD virus were prepared in two- 
fold serial dilutions in 0.25 ml. of physiological 
saline solution per tube. Anti-rFmp-Al119 guinea 
pig serum which had been heated at 56C. for 30 
minutes was added in 0.25-ml. amounts to each 
tube. Normal guinea pig serum containing 1.6 
units of complement per 0.25 ml. was added, and 
the mixtures were shaken and placed in a water 
bath at 37C. for 20 minutes. After incubation, 
the hemolytic system was added. This was com- 
posed of four units of amboceptor in 0.25 ml. and 
0.25 ml. of a sheep erythrocyte suspension which 
had a hemolyzed optical density of 0.50 + 0.01 
when measured at 580 my in a spectrophotometer. 
The mixtures were shaken and returned to the 
water bath at 37C. for 30 minutes, after which 
interval the presence or absence of hemolysis was 
determined. No hemolysis was designated as 4 
(positive), increasing degrees of hemolysis as 3, 
2, and 1, and complete hemolysis as 0 (negative). 
Controls were included in all tests for antigen, 
serum, complement, and hemolytic system.” 


Virus-Neutralization Test.—Qualitative neutra- 
lization tests were made on serums obtained from 
cattle inoculated with heated materials by inoculat- 
ing suckling mice with dilutions of serum with a 
constant dose of virus. Negative and positive 
serum controls were included in all test.* 


RESULTS 


Infectivity Results—Representative in- 
fectivity results on the effect of heating 
bovine tongue epithelial suspensions con- 
taining FMD virus at various temperatures 
and periods of time are given (table 1). 
Representative data are given for 2 steers 
in all tables. 

In all instances, as evidenced by the ap- 
pearance of vesicles on tongue epithelium 
of test steers and the development of cyto- 
pathogenic changes in tissue cultures of 
ealf kidney cells, all virus suspensions 
heated at 56 C. were determined to be in- 
fectious. The suckling mouse and guinea 
pig did not show evidence of infection in 
any of these tests. 

All samples heated at 70C. for as long 
as six hours and inoculated into the tongue 
epithelium of steers were shown to contain 
infectious virus, whereas in tissue cultures, 
virus infectivity was demonstrated only in 
the materials heated at 70 C. for 30 minutes. 
Those samples heated for longer periods 
did not produce changes in tissue cultures 
which were characteristic of rmp infection.’ 


Reversal of virus infectivity was ob- 
served only in the bovine tongue and tissue 
culture infectivity series. In approximately 
30 per cent of the studies, there were more 
infected sites in the tongue and tissue cul- 
tures in the higher dilutions than in the 
lower dilutions. In many observations, the 
10-1 dilution was devoid of demonstrable 
infectivity. It was observed that as the 
temperature for inactivation of the virus 
suspensions was increased, the degree of 
reversal of infectivity was diminished. 

Further attempts to inactivate FMDV were 
made by increasing the temperature to 80 C. 
with exposure times of 30 minutes, two, 
four, and six hours. Results of these experi- 
ments using bovine and guinea pig virus 
are given (tables 1 and 2). Bovine FMDV 
suspensions treated in this manner were in- 
fectious only in cattle and were evidenced 
by local and generalized lesions on the 
tongue and generalized foot lesions in ani- 
mals inoculated with material exposed to 
80 C. for periods extending to four hours. 
Those samples heated for six hours at 80C. 
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TABLE i1—tThe Effect of Heat on the Infectivity of Bovine Tongue Epithelium Containing 
Foot-and-Mouth Disease Virus, Using Small Volumes of Inoculum in Cattle and Tissue Cultures 


Titers* of virus 


suspensions Dilutions of 
Duration heated virus 
Exp. Bovine Tissue Tempera- of heat suspensions Bovine tongue 
No. tongueft culturet ture exposure inoculated (data on 2 steers) 
10-4 0/5** 0/5** 
30 min 10- 0/5 0/5 
10-3 2/5 0/5 
10-+ 3/5 1/5 
10-1 5/5 0/5 
8 8.8 7.2 56 ¢ 45 min. 10-7 9/5 8/5 
10-8 5/5 0/5 
10-+* 2/5 0/5 
10-1 1/5 0/5 
1 hour 10-8 0/5 1/5 
10-8 2/5 3/5 
10-* 3/5 0/5 
10-4 0/5 0/5 
2 hours 10-2 0/5 2/5 
10-4 1/5 0/5 
10-4 0/5 0/5 
13 6.9 56C 
10-4 2/5 2/5 
4 hours 10- 0/5 1/5 
10-8 0/5 0/5 
10-4 0/5 0/5 
8/5 2/5 
6 hours 10-7 2/5 0/5 
10-3 1/5 0/5 
10-4 0/5 0/5 
2/5 5/5 
12 hours 10-2 0/5 5/5 
10-4 0/5 1/5 
0/5 0/5 
14 6.9 7.2 56 C 
10-1 1/5 2/5 
18 hours 10-2 2/5 0/5 
10-3 0/5 0/5 
10-4 0/5 0/5 
10-1 3/5 1/5 
24 hours 10-3 4/5 0/5 
1/5 0/5 
10-4* 4/5 1/5 
10-3 2/5 Generalized 
9 8.5 71 70 C. 30 min. 10-2 0/5 lesions on 
10-4 0/5 tongue and 
10-* 4/5 feet 
10-4 2/5 
1 hour 10-* 0/5 Steer 
10-4 0/5 died 
10-* 0/5 
12 8.3 6.1 700. 
10-4 3/5 2/5 
1.5 hours 10-2 0/5 1/5 
10-3 0/5 0/5 
10-* 0/5 0/5 
10-* 5/5 0/5 
2 hours 10-? 5/5 2/5 
10-% 4/5 4/5 
10-4 1/5 2/5 
10-4 5/5 1/5 
15 7.5 6.4 70C 4 hours 10-2 5/5 0/5 
10-4 1/5 0/5 
10-* 2/5 0/5 
10-3 2/5 Generalized 
6 hours 10-2 0/5 lesions on 
10-3 0/5 tongue and 
10-* 0/5 feet 
(Table 1 continued on next page) 
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TABLE 1 (Continued)—The Effect of Heat on the Infectivity of Bovine Tongue Epithelium 
Containing Foot-and-Mouth Disease Virus, Using Small Volumes of Inoculum in Cattle and 
Tissue Cultures 


Titers* of virus 
suspensions 


Dilutions of 


Duration heated virus 
Exp. Bovine Tissue Tempera- of heat suspensions Bovine tongue Tissue 
No. tongue* culturet ture exposure inoculated (data on 2 steers) culture 

10-1 0/5 2/5 0/10 

30 min. 10-2 2/5 5/5 0/10 
10 0/5 3/5 0/10 
10-* 0/5 0/5 0/10 
10-4 0/10 

2 hours 10-2 Generalized 0/10 
10-8 lesions 0/10 
10-+ 0/10 

18 7.8 80 C. — 

10-4 0/10 

4 hours 10 Generalized 0/10 
10-* lesions 0/10 
10-+ 0/10 
10-1 0/5 0/5 0/10 

6 hours 10-2 0/5 0/5 0/10 
10-8 0/5 0/5 0/10 
10-+ 0/5 0/5 0/10 


* Average obtained in 2 steers. ¢ 0.1 ml. per site given intradermolingually in five sites, and 0.4 ml. per 
** No. of sites or cultures infected/No. of sites or cultures inoculated. 


tube (i.d.so titers corrected to 1 ml.). 


did not produce evidence of infection in 
any medium tested with small volumes of 
inoculum. Animals used in these experi- 
ments were challenged and were shown to 
be fully susceptible to Fmp virus. 

The reversal of infectivity observed in 
previous tests was also seen in steers inocu- 
lated with material heated at 80C. for 30 
minutes, but not with the regularity ob- 
served in the materials heated at lower tem- 
peratures for shorter periods. 

Slightly different results were obtained 
when guinea pig-pad suspensions of FMD 
virus were treated in essentially the same 
manner as in the experiments involving bo- 
vine tongue virus. Infectivity of guinea 
pig virus for cattle was apparently de- 
stroyed with heat treatment at 80C. for 
four hours. Cultures of calf kidney cells 
showed cytopathogenic effect when inocu- 
lated with guinea pig virus heated at 80 C. 
for 30 minutes, but not after longer periods 
of heating. A reversal of infectivity was 
also observed in steers inoculated with sus- 
pensions of guinea pig-pad virus heat- 
treated at 80C. for 30 minutes. Mice and 
guinea pigs did not show evidence of in- 
fection when inoculated with any of the 
heated virus suspensions. 

From the results obtained in the experi- 
ments using small-volume inoculums in 
steers and other mediums, it was assumed 
that rmpv infectivity was destroyed when 
suspensions were heated at 80C. for six 
hours. However, when massive doses of 
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heated suspensions were inoculated into 
cattle by the i.v., s.e., i.m., and i.d.l. routes, 
infectivity was demonstrated. In two ex- 
periments (29 and 31, table 3) using inocu- 
lations of 50-ml. quantities of virus in each 
steer by the i.v., s.c., or im. routes or of 
a 5-ml. quantity by the i.d.1. route, infectiv- 
ity was still present in virus suspensions 
heated at 80 C. for six hours. In experiment 
29, 2 steers inoculated with 50 ml. each by 
the s.c. route became infected and showed 
generalized lesions in 13 days. Mice and 
guinea pigs did not show evidence of in- 
fection. In experiment 31, which was a 
repetition of experiment 29 using massive- 
dose inoculations, both steers inoculated by 
the i.d.l. route showed a generalized infee- 
tion in eight days. One animal inoculated 
by the i.m. route showed a generalized in- 
fection in 12 days. Steers not responding 
to primary inoculations were challenged 
and were shown to be fully susceptible to 
infection. 

Further trials to inactivate FMDV con- 
tained in suspensions of infected bovine 
tongue epithelium were attempted by ex- 
tending the heat treatment to 85 C. for six 
hours. Massive doses of material heated in 
this manner were tested in cattle, suckling 
mice, and bovine kidney cell tissue cultures. 
Results of experiment 32 in cattle are sum- 
marized (table 3). In these trials, infectiv- 
ity was not demonstrated in suspensions 
heated at 85 C. for six hours and tested in 
cattle, mice, and tissue cultures. 
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From the results of data developed thus 
far, it was concluded that rmp-A119 con- 
tained in suspensions of infected bovine 
tongue epithelium was no longer infectious 
after treatment with heat at 85. for six 
hours ; however, it was considered advisable 
to attempt to determine more accurately 
the time of inactivation at 85C. Experi- 
ments were designed to treat virus suspen- 
sions for four hours at 85 C. Massive-dose 
inoculations of heat-treated virus were 
made in cattle as in previously described 
tests. Suckling mice and tissue cultures of 


In those trials in this series where infectiv- 
ity was demonstrated, the i.d.59 titer per 
milliliter in steers was found to be 9.6, at 
least 1.5 log units higher than in the other 
two trials. 

In the studies designed to remove extra- 
neous tissue by filtration and ultracentri- 
fugation, it was found that the virus was 
still infectious for cattle by the i.d.l. route 
when heated for as long as six hours, as 
demonstrated by the development of local 
and generalized lesions. The interference 
phenomenon was also observed. 


TABLE 2—The Effect of Heat on the Infectivity of Guinea Pig Foot Pad Epithelium Contain- 
ing Foot-and-Mouth Disease Virus, Using Small Volumes of Inoculum in Cattle and Tissue 


Cultures 
Titers* of virus 
suspensions Dilutions of 
—__— Duration heated virus 
Exp. Bovine Tissue Tempera- of heat suspensions Bovine tongue Tissue 
No. tonguet  culturet ture exposure inoculated (data on 2 steers) culture 
10-4 2/5** 4/5** 2/10** 
30 min. 10-2 0/5 5/5 2/10 
10-8 1/5 3/5 0/10 
10-4 0/5 1/5 0/10 
10-4 3/5 2/5 0/10 
2 hours 10-7 0/5 0/5 0/10 
10-8 2/5 0/5 0/10 
10-4 2/5 0/5 0/10 
28 6.8 6.6 80 C. aie 
10-4 0/5 0/5 0/10 
4 hours 10-* 0/5 0/5 0/10 
10-4 0/5 0/5 0/10 
10-* 0/5 0/5 0/10 
10-4 0/5 0/5 0/10 
6 hours 10-# 0/5 0/5 0/10 
0/5 0/5 0/10 
10-4 0/5 0/5 0/10 


* Average obtained in 2 steers. ¢ 0.1 ml. per site given intradermolingually in five sites, and 0.4 ml. per 


tube (i.d.so titers corrected to 1 ml.). 


calf kidney cells in Roux flasks containing 
75 ml. of culture medium were inoculated 
with 10 ml. of the heated suspension. Guinea 
pigs were inoculated with 5 ml. of the sus- 
pension by the im. route. Typical results 
of experiments 35 and 36 are summarized 
(table 3). 

In three experiments involving these con- 
ditions of heating, virus infectivity was not 
destroyed in one experiment (No. 35), as 
demonstrated by infected cattle inoculated 
by the i.m. route. The other cattle did not 
show evidence of infection, nor was infec- 
tion shown in the Roux flasks or tubes of 
tissue cultures of calf kidney cells in mice 
or in guinea pigs. From this series of tests, 
it was concluded that infectivity was not 
destroyed in all instances when suspensions 
of bovine tongue epithelium containing 
virus were heated at 85C. for four hours. 


** No. of sites or cultures infected/No. of sites or cultures inoculated. 


In one experiment, a FMDV suspension 
which had been heat-treated at 56 C. for 90 
minutes and which had shown the inter- 
ference phenomenon in cattle was stored 
as a 10 suspension at —40C. for six 
months. This material again produced the 
same phenomenon when inoculated into 
cattle after storage. The control suspen- 
sion, which was also stored under similar 
conditions, did not show a significant 
change in infective titer in any of the 
mediums tested. 

In the vast majority of all experiments, 
the virus suspensions were prepared in 
tryptose phosphate broth at a pH of 
approximately 7.4. After heating these sus- 
pensions, the pH values were again deter- 
mined, and it was found that the pH of the 
heated suspensions decreased by a maxi- 
mum of 0.25 unit. 
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In later experiments, using the virus- 
neutralization test in suckling mice,”* anti- 
bodies were detected in serums of cattle 
inoculated with heated materials but which 
had not shown lesions of rmp. In three in- 
stances, antibodies were demonstrated in 
serums of steers after inoculation with ma- 
terials heated at 85 C. for four hours. Al- 
though gross lesions were absent in some of 
the animals, other animals in the test series 
showed lesions after inoculation with 50 ml. 
of heated suspension. 

Serum samples from animals from test 
series where infection was not shown did 
not contain complement-fixing antibodies 
when tested by either direct or indirect 
methods.?? 

In the other samples from animals 
showing infection, antibodies were shown 
only by the indirect test method. Serums 
from cattle which had shown neutralizing 
antibodies but no lesions did not show anti- 
bodies by the indirect cF test. 

Laboratory Safety Tests—The results of 
the experiments to test the ability to con- 
tain the virus of Fmp in the large-animal 


compartments when both active and inacti- 
vated virus were in use are shown in table 
3. No infectivity for mice, tissue culture, or 
guinea pigs was found for either of the 
suspensions heated at 85C. for six hours 
or 80 C. for two hours and, therefore, these 
data are not detailed. 

Evidence of the control of the transfer 
of virus from room to room may be checked 
by the appearance of specific signs and 
lesions, as well as by the presence of 
complement-fixing and virus-neutralizing 
antibodies in the serums of surviving cattle. 
Cattle inoculated with the heat-inactivated 
virus suspensions produced no complement- 
fixing antibodies during the 14-day observa- 
tion period prior to challenge. The only 
cattle to show virus-neutralizing antibodies 
were the 2 animals which developed FmMp 
after i.d.l. inoculation with virus suspen- 
sions heated at 80 C. for two hours. From 
these results, it was concluded that when 
FMD appeared in the inoculated animals, or 
serums from such animals were found to 
contain FMD antibodies, the infection was 
probably due to viable virus contained in 


TABLE 3—The Effect of Heat on the Infectivity of Bovine Tongue Epithelium Containing 


Foot-and-Mouth Disease Virus, Using 


Large Volumes of Inoculum in Cattle 


Duration Volume of 
Exp Titer* of virus Tempera- of heat 10-1 inoculum Route of Results in 
No suspensions ture exposure (ml.) inoculation 2 steers 
50 Intravenous NVL NVL 
41 8.4 80 C, 2 hours 50 Subcutaneous NVL NVL 
50 Intramuscular NVL NVL 
5 Intradermolingual Gen. Gen. 
50 Intravenous NVL NVL 
29 8.1 80 C. 6 hours 50 Subcutaneous Gen. Gen. 
50 Intramuscular NVL NVL 
5 Intradermolingual NVL NVL 
50 Intravenous NVL NVL 
31 8.4 80 C 6 hours 50 Subcutaneous NVL NVL 
50 Intramuscular Gen. NVL 
5 Intradermolingual Gen. Gen. 
50 Intravenous NVL NVL 
35 9.6 85C 4 hours 50 Subcutaneous NVL NVL 
50 Intramuscular Gen. Gen. 
5 Intradermolingual NVL NVL 
50 Intravenous NVL NVL 
36 8.1 85 C 4 hours 50 Subcutaneous NVL NVL 
0 Intramuscular NVL NVL 
5 Intradermolingual NVL NVL 
50 Intravenous NVL NVL 
32 7.7 85 C0 6 hours 50 Subcutaneous NVL NVL 
50 Intramuscular NVL NVL 
5 Intradermolingual NVL NVL 
50 Intravenous NVL NVL 
41 8.4 85 C. 6 hours 50 Subcutaneous NVL NVL 
50 Intramuscular NVL NVL 
5 Intradermolingual NVL NVL 


* Average obtained in 2 steers (i.d.so titers corrected to 1 ml.); NVL=no visible lesions; Gen. = 


generalized lesions. 
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TABLE 4—The Effect of Heat on Infectivity of Bovine Tongue Epithelium Containing Foot- 
and-Mouth Disease Virus, Using Large Volumes of Inoculum in Serial Dilutions in Cattle 


Duration 
Exp. Titer* of virus Tempera- of heat 
No. suspensions ture exposure 
40 8.1 85 C. 6 hours 


Results in 


Dilutions of 
Volume of heated virus each of 2 
inoculum suspensions Route of steers per 
(ml.) inoculated inoculation dilution 
50 to 10-% Intramuscular NVL 
5 10-1 to 10-8 


Intradermolingual NVL 


* Average obtained in 2 steers (i.d.so titer corrected to 1 ml.) NVL=no visible lesions. 


the inoculum, since the same operating pro- 
cedures were used throughout the test. In 
addition, no steer inoculated with virus sus- 
pensions heated at 85C. for six hours 
showed signs of FMD. 

Sample data from experiments where 
steers were inoculated with large volumes 
of dilutions of viral suspensions inactivated 
at 85 C. for six hours are tabulated (table 
4). None of the steers inoculated with dilu- 
tions of the heat-treated viral suspensions 
showed any signs of rmp. The guinea pigs 
and tissue culture similarly exhibited no 
signs of infectivity when inoculated with 
the heat-treated viral preparations. No neu- 
tralizing or complement-fixing antibodies 
were found in the serums of the surviving 
cattle after the 14-day observation period. 
It must be assumed on the basis of several 
experiments of this type that virus con- 


TABLE 5—Complement-Fixing Activity of Bovine 

Tongue Epithelial Suspensions Containing Foot- 

and-Mouth Disease Virus Heated at Varying 
Periods of Time 


Complement-fixing activity* 


Temperature and Antigen dilutions (10-1 stock) 


duration of Antigen 
heat exposure Undil. % % % ye x controls 
Unheated control 4 4 4 2 0 0 0 
56 C., 24 hours 4 4 4 3 0 0 0 
Unheated control 4 4 4 2 0 0 0 
70 C., 30 min. 3 0 0 0 0 0 0 
70 C., 2 hours 0 0 0 0 0 0 0 
Unheated control 4 4 2 0 0 0 0 
80 C., 30 min 0 0 0 0 0 0 0 
Unheated control 4 4d 4 2 0 0 0 
85 C., 4 hours 0 0 0 0 0 0 0 


* Against hyperimmune guinea pig serum. 4=—no 
hemolysis (positive); 3 and 2—=increasing degrees of 
hemolysis ; = complete hemolylis (negative). 


tained in suspensions of infected bovine 
tongue epithelium did not survive heat 
treatment at 85 C. for six hours. 
Complement-Fixation Tests.—Represent- 
ative results of tests on the complement- 
fixing activity of heated tissue suspensions 
containing FMDV against guinea pig hyper- 
immune serum are shown in (table 5). 


Complement-fixing activity was not af- 
fected when suspensions of FMDV were 
heated at 56C. for as long as 24 hours, 
whereas heating at 70C. for 30 minutes 
diminished antigenicity significantly. All 
activity was destroyed when the virus sus- 
pensions were heated at 70C. for two or 
more hours. 

Recently, attention has been focused on 
the antigenicity of heated polio virus 
complement-fixing antigen,?* where it was 
found that heating one type of virus would 
uncover antigens common to the three virus 
types. Similar cr tests were made in the 
studies reported here on FMDV suspensions 
heated at 56 and 80C. for varying periods 
of time. In no instances was crossing en- 
countered with anti-rmp, types O and C 
hyperimmune guinea pig serum. 

Tongue epithelium, harvested from steers 
which had been inoculated with heated 
virus suspensions and which had shown 
lesions, was prepared for use as antigen in 
the cr test by grinding in a mortar and 
diluting with tryptose phosphate broth to 
a 10°! dilution. Representative samples 
were tested with types O and C hyperim- 
mune guinea pig serum. Significant cross- 
ing between the type A Fmpv in the tissues 
and types O and C serum was not observed. 


DISCUSSION 

Although the primary purpose of this 
problem was not achieved, that is, the prep- 
aration by heat of a satisfactory noninfec- 
tious antigen of rmp virus for use in the cr 
test, an important fact was established. The 
FMD virus infectivity was found to be ex- 
tremely resistant to destruction by heat. A 
similar observation was reported by Bach- 
rach et al.,2> working with tissue culture 
virus heated at 55 and 61 C. and inoculated 
into tissue cultures. Extreme heat resistance 
was also reported by the British Foot-and- 
Mouth Disease Research Committee '! work- 
ing with virus contained in dried milk. The 
results reported in the early literature 7° 7° 
were not confirmed by studies presented 
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here, since the thermal death point of bo- 
vine tongue Fmpv A119 was established at 
85 C. when tissue suspensions containing 
the virus were heated for six hours. Infec- 
tivity was not always destroyed when the 
tissue suspensions were heated at 85 C. for 
four hours. 

The virus system of rmp has been shown 
to be composed of at least two particles, one 
of which is associated with infectivity and 
the other with complement-fixing activity.* 
From the data obtained in these present 
studies, the particle associated with com- 
plement-fixing activity appeared to be less 
resistant to heat than the infective particle. 
The results obtained showed that comple- 
ment-fixing activity of the virus antigen 
was destroyed at lower temperatures and 
for shorter periods of exposure than the 
infective property. A decrease in antigenic 
activity was observed when virus suspen- 
sions were heated at 70 C. for 30 minutes, 
with absence of activity when the suspen- 
sions were heated at 70 C. for two or more 
hours. 

In these studies, strict control of the 
heating procedures was accomplished by a 
method previously described.’ The assem- 
bly provided for delicate temperature regu- 
lation to + 0.01 C., and constant agitation 
of the virus suspensions and the contents 
of the water bath. Precise temperature 
determinations were made by periodic read- 
ing of the calibrated thermometer inserted 
‘n the tubes containing the suspensions of 
virus. 

The choice of the test medium influenced 
the ability to detect small amounts of active 
FMpv. In many instances in which heated 
virus suspensions were inoculated into var- 
ious test mediums, cattle were the most 
sensitive, with tissue cultures of calf kidney 
cells, suckling mice, and guinea pigs placed 
in decreasing order of sensitivity in their 
ability to detect virus. On very few occa- 
sions the mice or guinea pigs became in- 
fected with the heated virus suspension. In 
cases when the mice or guinea pigs showed 
evidence of infection, confirmation was 
made by further passage and by the cF test. 

In most instances, as the temperature and 
the time of exposure were increased, virus 
was not detected in tissue cultures as fre- 
quently as by inoculation of cattle. 

In the tests reported,”* ** undiluted heat- 
treated viral materials were inoculated into 
the test mediums. In the studies herein re- 


ported, infectivity was often detected in 
animals inoculated with virus dilutions 
where it was not detected in those given 
undiluted material. This phenomenon was 
more in evidence when virus suspensions 
were heated at the lower temperatures. This 
reversal of infectivity, which is a mani- 
festation of an interference phenomenon, 
has been studied in other virus-inactivation 
experiments. !® 

The dose and route of inoculum were 
shown to be of extreme importance in the 
determination of the thermal death point 
of rmpv. Even though evidence was pre- 
sented for the absence of infection in cattle 
inoculated with virus suspensions heated at 
80 C. for six hours, further and definite con- 
firmation of virus destruction was needed. 
When the lack of infectivity in the steers 
was observed, the animals were inoculated 
by the i.d.l. route in 20 sites, using 0.1 ml. 
of inoculum per site. When the volume of 
inoculum of the heated virus suspensions 
in cattle was increased and several routes 
of inoculation were used, virus infectivity 
was still shown in material heated at 80C. 
for six hours. Only steers inoculated with 
50 ml. each by the s.c. and i.m. routes and 
with 5 ml. by the idl. route became in- 
fected. Cattle inoculated by the i.v. route 
did not show evidence of infections and 
were shown to be fully susceptible to chal- 
lenge. None of the test mediums showed 
evidence of being infected when virus sus- 
pensions were heated at 85 C. for six hours. 
In these instances, the cattle were inocu- 
lated by a number of routes, using massive 
doses as described before. Similar studies 
made with suspensions heated at 85 C. for 
four hours showed that FMDV was not 
always destroyed. 

It is of interest that in three isolated 
cases antibody responses were elicited, as 
shown by the results of the mouse neutrali- 
zation test of serums from 3 steers inocu- 
lated with material heated at 85C. for 
four hours. In 1 steer, an elevated tem- 
perature was observed, whereas in the other 
2 steers, abnormal body temperatures were 
not encountered. Gross lesions of FMD were 
not found in these 3 animals. When these 
steers were challenged by the i.d.l. route 
with 2 ml. of a 10 dilution of virus, all 
developed typical infections. 

This study suggests that the data ob- 
tained in heat-inactivation studies of other 
viruses be reviewed, taking into consid- 
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eration the following: (1) Sensitivity 
of test medium should be such as to 
detect minute quantities of active virus in 
treated samples. In addition, as many sus- 
ceptible mediums as possible should be used 
to test for innocuousness of the heated ma- 
terials. (2) Samples should be diluted to 
eliminate the possibility of reading false 
negatives due to the interference phenome- 
non which may occur. (3) Negative results 
may be obtained when using small volumes 
of inoculums which may contain minute 
amounts of active virus. If the volume of 
inoculum is increased and inoculated via 
various routes, more active virus may be 
introduced. The various methods of inocu- 
lation also inerease the probability of in- 
tioducing virus by the most sensitive route, 
thus permitting the virus to multiply and 
produce infection. Suspensions containing 
a virus of high titer may require longer 
periods of exposure at higher temperatures 
than suspensions containing virus with a 
lower titer. 
SuMMARY 


1) Studies were made on the use of heat 
for the preparation of a noninfectious foot- 
and-mouth disease virus (FMpv) antigen 
satisfactory for use in the complement- 
fixation test. 

2) Tissue suspensions of infected bovine 
tongue epithelium and infected guinea pig 
foot pad epithelium were heated under 
strictly controlled conditions at tempera- 
tures of 56 C. through 85 C. for 30 minutes 
to 24 hours. 

4) Dilutions of the heated suspensions 
were inoculated in small doses into bovine 
tongues, guinea pigs, cultures of calf kid- 
ney cells, and suckling mice. Undiluted sus- 
pensions were inoculated in large doses 
into cattle by several routes and into guinea 
pigs and tissue cultures. 

4) The infectious property of FMDV was 
destroyed by heating tissue suspensions at 
80 C. for six hours but not at 80 C. for four 
hours, as demonstrated by inoculation of 
small doses of inoculum (2 ml.) in eattle. 

5) Large doses of inoculum (50 ml.) 
which were heated at 80C. for six hours 
were infective, as demonstrated in cattle. 

6) Infectivity of rmpv was not demon- 
strable when tissue suspensions were heated 
at 85C. for six hours and inoculated in 
large doses (50 ml.) by several routes in 
steers. Infectivity was shown when virus 
was heated at 85C. for four hours and in- 
oculated in the same manner. 


7) Heating the tissue suspensions at 
56 C. for as long as 24 hours did not com- 
pletely inactivate the virus or destroy the 
complement-fixing activity. 

8) Complement-fixing activity was di- 
minished when suspensions were heated at 
70 C. for 30 minutes. A temperature of 
70 C. or above for more than 30 minutes 
destroyed the complement-fixing activity 
of the virus antigen. 

9) Considerations for future work and 
implications of heat-inactivation studies in 
the virus field are discussed. 
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Immunological Studies on Dictyocaulus Viviparus Infection in Calves 
—Double Vaccination with Irradiated Larvae 
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N. C. C. SHARP, B.V.M.S., M.R.C.V.S.; 
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Glasgow, Scotland 


WE HAVE previously shown that it is pos- 
sible artificially to immunize cattle against 
parasitic bronchitis due to Dictyocaulus vi- 
viparus infection by administering to them 
irradiated third-stage larvae.’-*:® In labora- 
tory experiments, a high degree of immun- 
ity was produced using 4,000 partially 
inactivated larvae, but this dosage level 
gave rise to mild pulmonary complica- 
tions ; ® in the field trails, * the immunizing 
dose was reduced to 1,000 larvae. This latter 


The present experiment was designed to 
test the effect of administering two doses of 
irradiated larvae before exposing the ani- 
mals to a high challenge infection. 


MATERIALS AND METHODS 

Fifty Ayrshire calves were bought when 3 days 
old and were raised parasite free in individual iso- 
lation stalls. 

Third-stage infective larvae of D. viviparus were 
cultured * and subjected to a dose of 40,000 roent- 


Graph 1—Mean respira- 
tory rates, group 1. 
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dose did not give rise to undesirable pulmo- 
nary signs and gave an acceptable degree 
of immunity. It did not, however, com- 
pletely prevent the disease when the vac- 


cinated animals were exposed to high 
challenge levels of parasites.’ 
From the University of Glasgow Veterinary School, 
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gens from an x-ray source as described previously.® 
The methods of administering larvae to the 
calves, estimating fecal larval output, counting the 
number of worms in the bronchi, and examining 
the calves for clinical and pathological changes 
were the same as described in previous reports.” *° 
The 50 calves were allotted to five groups of 10. 
At the commencement of the experiment (day 0), 
each calf in group 1 was given 1,000 irradiated 
larvae. Each calf was given a further dose of 4,000 
irradiated larvae 42 days later. On day 93, each 
ealf was challenged with 10,000 normal, infective, 
third-stage larvae. The experiment was terminated 
by killing ‘the calves on day 126. At this time, fecal 
larval examinations were made, the number of 
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TABLE i—Parasitological and Pathological Results of the Challenge Infection 


No. of larvae Mean Mean No. of Mean 
larvae/Gm. adult worms lesion 

Group 1st vaccine 2nd vaccine Challenge of feces at necropsy score 
1 1,000 4,000 10,000 0 0 0.1 

2 1,000 2,000 10,000 0 0 0.1 

3 1,000 1,000 10,000 0 0 0.2 

4 10,000 285 820 7.3 

5,000 300 1,020 7.2 


worms in each pair of lungs was counted, and an 
assessment of the degree of pulmonary consolida- 
tion was made using the lesion score method.‘ 
Histological examination was made of affected lung 
tissue. 

The calves of groups 2 and 3 were treated simi- 
larly except that their second vaccinating doses 
wer? 2,000 and 1,000 irradiated larvae, respectively. 

The calves of group 4 were given only the initial 
irradiated 1,000 larvae at day 0 and were challenged 
with 10,000 normal larvae as before on day 93. 

Group 5 was divided into two subgroups, A and 
B; each of the 5 calves of group A were given 
10,000 viable larvae on day 93 and the 5 calves of 
group B were given 5,000 normal larvae. Animals 
in the subgroup which were infected with 5,000 
normal larvae were included in case a heavy mortal- 
ity should result among the 10,000 challenge group 
during the prepatent period; in the latter case, a 
quantitative assessment of response to challenge 
would have been impossible, as an accurate worm 
count could not have been obtained. 

During the course of the experiment, a clinical 
examination was carried out on each calf twice 
weekly; the respiratory rate and the degree of 
coughing was noted. Each calf was weighed once 
weekly from two weeks before challenge until the 
end of the experiment. 

In addition to these calves, two other groups 


and to give comparisons between group respiratory 
rates. Each calf in group 6 was given 4,000 normal 
infective larvae at day 0 and the calves of group 7 
were given 4,000 normal larvae on day 42. 

The design of the experiment is sumiaarized 
(table 1). 

RESULTS 

The respiratory rates of the correspond- 
ing groups are shown (graphs 1-4). In re- 
sponse to the first vaccination, there was an 
increase in respiratory rate in each of these 
groups which reached its maximum about 
the eighteenth day. There was no significant 
statistical difference in response between 
these groups. This transient rise in respira- 
tory rate has been noticed in almost all 
calves vaccinated by this method and is due 
to a few irradiated larvae reaching the 
lungs and producing the quickly resolving 
alveolar and bronchial lesions which we 
have described previously. The respira- 
tory rate quickly fell away to normal by 
about the twenty-fifth day whereas, in the 
control group (group 6), the respiratory 
rate continued to rise, reaching a maximum 
between the thirtieth and fortieth day, 


(6 and 7) were used to control the viability of the when a fully patent infection had 
larvae used in making the two batches of vaccine developed. 
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Graph 3—Mean respira- 
tory rates, group 3. 
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groups 1, 2, and 3, there was an apparent 
rise in respiratory rate reaching a peak be- 
tween 60 and 70 days, but this is not sig- 
nificantly different from the respiratory 
rates of calves in group 5 (graph 5), which 
reached 50 per minute at that time during 
a spell of warm weather. The calves of this 
latter group (destined to be the challenge 
control) had not at that time been inter- 
fered with experimentally in any way. Af- 
ter challenge with 10,000 larvae on the 
ninety-third day, there was no rise in re- 
spiratory rates of calves in groups 1, 2, and 
3 whereas, in groups 4 and 5, there was a 
marked rise. On auscultation at this time, 
no abnormality could be detected in any calf 


marked clinical 
respiratory abnormalities were present in 
calves in groups 4 and 5. The calves of 
group 5A were considered to be mori- 
bund shortly before the termination of the 
experiment. 

The total and percentage weight gains of 
the groups are shown (table 2). The calves 
in the double vaccination groups gained ap- 
proximately 18.0 per cent in weight during 
this time, those in the single vaccination 
group gained 7.6 per cent, and the challenge 
controls gained only 5.0. 

Parasitological Results—A high degree 
of protection against the challenge infection 
was produced (table 1) in groups 1, 2, and 
3; no worms were found in the lungs at 
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necropsy and no larvae appeared in the 
feces of these animals. In group 4, patent 
infections developed and a mean of 820 
worms was found at necropsy after chal- 
lenge; this result, however, must be inter- 
preted in the light of the pathological 
findings. In groups 5A and 5B, severe in- 
fections developed ; it was impossible to as- 
sess the total number of worms present in 
group 5A, as many were immature and were 
visible only on histological examination. 
Pathological Results—In groups 1, 2, 
and 3, there were virtually no lesions at 
necropsy, and histological examination of 
the lungs failed to show any signs of an 
infection having been established. In group 
4, the lesion score was almost the same as 
that in groups 5A and 5B, indicating that, 


DAY OF EXPERIMENT 


macroscopically, the degree of consolidation 
was the same in the group given one dose 
of vaccine and in the challenge controls. 
However, histological examination showed 
the lesions to be qualitatively different in 
the two groups. Microscopic examination 
of sections from calves in group 4 revealed 
that the majority of the worms in the bron- 
chi were dead or moribund ; the lesions pro- 
duced were those of marked eosinophil 
leukocyte infiltration into the bronchi and 
desquamation of the bronchial epithelium. 
There was little evidence of alveolar con- 
solidation of the type normally found in 
lungworm infections. The collapsed lobules, 
which accounted for the high lesion score, 
were caused by bronchial plugging with de- 
generate eosinophil pus. This atypical, ex- 
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TABLE 2—Total Group Weights and Percentage 
Weight Gains 
Total group Total group 
weights at weights at Weight 
Group challenge slaughter gains 
(Ib.) (Ib.) (%) 
1 2,720 3,227 18.6 
2 2,632 3,110 18.2 
3 2,636 3,092 17.3 
4 2,457 2,664 7.6 
5 2,607 2,738 5.0 


aggerated response to worms dying im situ 
in the lungs has been previously de- 
cribed.*-* It is known to resolve in a much 
shorter time than the lesions produced by 
a normal infestation by D. viviparus.? The 
severe pneumonias recorded in groups 5A 
and 5B are in keeping with our previous 
experience of the experimental disease. 


The results given above show that the ad- 
ministration of two doses of infective larvae 
of D. viviparus, partially inactivated by 
irradiation, produces a level of immunity 
which enables calves to withstand a high 
challenge infection. The clinical effects of 
the vaccination procedure are mild and 
would pass unnoticed under practical farm- 
ing conditions. The difference in weight 
gain between vaccinated and nonvaccinated 
animals is significant. No difference was 
found in response to challenge between 
those calves which were given 1,000 larvae 
followed by 1,000 as a vaccinating dose and 
those given 1,000 followed by 4,000. This 
may be only a function of the challenge 
dose ; had the latter been higher, differences 
between the groups might have resulted. A 
successful experiment involving over 8,000 
calves has been carried out to assess the 
value of this method of immunization under 
a wide variety of commerical stock-raising 
conditions and will be reported later. 

The theoretical implications of this 
method of vaccinating against helminth 


parasites have been discussed elsewhere.*® 
It is hoped that this technique might pro- 
vide a suitable answer to the problem of 
preventing parasitic bronchitis in calves and 
ultimately of ridding farms of infection. 


SUMMARY 


1) A method of artificially immunizing 
calves against infection with D. viviparus 
is described. The vaccine consisted of third- 
stage larvae, partially inactivated by ex- 
posure to 40,000 roentyens from an x-ray 
source. 

2) The vaccine was given to three groups 
of calves in two doses; all calves were given 
1,000 larvae as the first dose and 4,000, 
2,000, and 1,000, respectively, as the sec- 
ond dose. 

3) All of the vaccinated calves were com- 
pletely resistant to infection when chal- 
lenged with 10,000 normal larvae. 


4) The use of this vaccine to prevent the 
disease in the field is discussed briefly. 
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Studies on Immunity to Haemonchus Contortus Infection— 
Vaccination of Sheep Using a Single Dose 
of X-Irradiated Larvae 
W. F. H. JARRETT, Ph.D., M.R.C.V.S.; F. W. JENNINGS, B.Sc., M. Agr.; 


W. |. M. McINTYRE, Ph.D., M.R.C.V.S.; W. MULLIGAN, M.Sc., Ph.D.; 
N. C. C. SHARP, B.V.M.S., M.R.C.V.S. 


Glasgow, Scotland 
A SUCCESSFUL METHOD of vaccination 


against the bovine lungworm, Dictyocaulus 
viviparus, has been developed in which the 


great majority of the worms do not reach 
the pulmonary system. 
It would appear reasonable to suppose 


immunizing agent is third-stage infective 
larvae, partially inactivated by irradia- 
tion with either x rays or gamma rays from 
cobalt This technique depends on 
the fact that lungworm larvae treated with 


that this method of artificially inducing 
immunity in parasitic disease might be suc- 
cessful where a systemic migration takes 
place and where, therefore, the immature 
larvae have to traverse a potential hu- 


TABLE i—tThe Roentgen and Larval Levels Used in Immunizing Doses and the Times of 
Administering Larvae and Killing Lambs 


No. of 


XUM 


Roentgen 

Group dosage lambs Day 0 Day 37 Day 117 Day 163 

1 (A) 10,000 2 10,000 larvae 

(B) 10,000 10,000 larvae 8,000 normal Killed 
larvae 

(B) 20,000 5 8,000 normal Killed 
larvae 

(B) 40,000 5 ae ee 8,000 normal Killed 
larvae 

4 (A) 60,000 2 10,000 larvae 

(B) 60,000 5 8,000 normal Killed 
larvae 

5 (A) 100,000 2 10,000 larvae ‘col 

(B) 100,000 5 20.500 8,000 normal Killed 
larvae 

larvae 


larvae 


a suitable amount of irradiation migrate 
to the mesenteric nodes; there, their de- 
velopment appears to be arrested and an 
antigenic effect is exerted. No significant 
pathogenic effect takes place because the 
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Veterinary 


moral and cellular immunological barrier ; 
in other diseases in which the parasite 
undergoes only a limited migration, such 
as some of the gastrointestinal nematode 
infections, this method of immunizing 
might be expected to be less effective. The 
present experiment was carried out to see 
if resistance of sheep to Haemonchus con- 
tortus, a parasite with a minimal migra- 
tory cycle, can be induced by administer- 
ing third-stage larvae partially in acti- 
vated by exposure to x-rays. 
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TABLE 2—Parasitological Findings in Lambs 
Killed on Day 37 


Eggs per gram 
of feces 


Worm count at necropsy 


Group 
means 


Imma- 


Group 18 33 ture Mature 


1,900 
3,700 


1,850 
1,500 


2,800 


1,675 


250 


50 400 
50 100 
50 100 
0 0 
1,100 
3.300 
2,000 
1,850 
2,050 0 1,700 


* Positive on nonquantitative zinc sulfate flotation only. 


0 
0 
0 250 
0 
0 


50 


1,900 


MATERIALS AND METHODS 


Fifty newborn lambs were bought and initially 
were raised in groups of 3 or 4 on an artificial 
milk diet* in metal isolation units. They were 
later transferred to concrete pens which were 
cleaned daily. Their feces were examined several 
times in the pre-experimental period to ensure 
that they were parasite free. The lambs were 7 
months old when the experiment was started. 

A pure strain of H. contortus was obtainedt 
and passaged through 3 worm-free lambs to get a 
sufficient number of infective larvae to carry out 
the experiment. Larvae were cultured by putting 
250 ml. of feces in a 500-ml. jar, storing at 22C. 
for 14 days, filling the jar with water, and invert- 
ing it over a Petri dish. The larvae were obtained 
from the lower 100 ml. of water. Fecal egg counts 
were estimated by the McMaster method and total 
worm burdens by washing out the abomasal con- 
tents, making up to 2,000 ml. in tap water, stir- 
ring thoroughly, and counting the number of 
worms in 150 ml. 

The technique of irradiation was as used pre- 
viously for D. viviparus.® 


EXPERIMENTAL PROCEDURE 


The lambs were allotted to eight groups num- 
bered 1 to 8. There were 7 lambs each in groups 
1 to 5, and 5 lambs each in groups 6 to 8. On day 
zero, animals in groups 1 through 5 were given 
10,000 infective larvae, irradiated respectively 
with 10,000, 20,000, 40,000, 60,000, and 100,000 
roentgens. Two lambs from each of the groups 
were killed at day 37 to determine the degree of 
inactivation of larvae achieved. The remainder 
were challenged on day 117 with 8,000 normal 
infective larvae and were killed on day 163. 


* Ostermilk, produced by Messrs. Glaxo Laboratories, 
Ltd., Greenford, Middlesex, England. 

+ Supplied by Drs. Dunn and Silverman of the More- 
dun Research Institute, Gilmerton, Edinburgh. 


TABLE 3—Parasitological Findings in Lambs of Group 1 (B) 


No. of 
wornis at 


Eggs per gram of feces on day: 


necropsy 


58 


144* 146 1 


103 110 117 


40 48 54 61 68 76 83 90 96 
2,050 2,450 1,600 


1,350 


34 
3 
4,400 


18 


20 


500 


800 


1,850 


00 


+t 


500 
3,050 


500 
5,800 


700 1,000 
4,300 


1,200 


0 


3,100 3,350 2,000 1,500 100 0 40 300 20 


2,100 


2,000 


7,000 


50 50 


200 


1,000 


1,650 


40 
630 


50 
1,960 


0 


60 


300 20 4 


400 


680 


1,720 750 550 


1,670 1,800 1,280 


2,200 


TABLE 4—Parasitological Findings in Lambs of Group 2 (B) 


worms at 


Eggs per gram of feces on day: 


Lamb 


103 110 117 144* 146 153 necropsy 


96 
50 


90 


83 
800 
800 


76 
1,100 


68 
2,550 


61 
2,700 
1,100 


54 


2,650 


48 
1,400 
2,100 


40 


34 


18 


No. 


2,000 


800 


750 


1,700 


50 


50 
600 


50 
3,000 


500 
80 


450 
,500 
2,100 
1,710 


1,150 
1,300 
2,400 


2,050 


0 


1,900 


2,600 


0 


2 


100 


5 
10 


530 
** no sample obtained. 


1,270 76 580 


1,350 


10 
1,150 


2,120 


1,500 


* Point of challenge; 


Mean 


+ positive on nonquantitative zinc sulfate flotation only; 


XUM 


ML. 


Al 
= 
| 
1 (A) 3,100 | | 
2 (A) 1,400 — — — 
1,500 | 
3 (A) 0 300 0 
0 200 | | 
j}oooooo] 
| | la 
— 
5 (A) 37 
| — — — 
us 
| oo oo | 
6 la 
| | | lai 
| we 
© | 
a} 
o1 
j=) o 
sk 
th 
| di 
| 
o 
| 
o So | 
_| 
m 
Cé 
Ww 
| an 
| 
| coo le = 
aaa 
| + 
| | 
2 
| 


** no sample obtained. 


T positive on nonquantitative zinc sulfate flotation only; 


OF challenge ; 


XUM 


Am. J. Vet. Res. 


IMMUNITY IN SHEEP TO HAEMONCHUS CoNTORTUS INFECTION 


529 


MAY, 1959 
TABLE 5—Parasitological Findings in Lambs of Group 3 (B) 
No. of 

Lamb Eggs per gram of feces on day: worms at 

No. 18 84 40 48 54 61 68 76 83 90 96 1038 110 117 144* 146 158 mecropsy 

1 +7 150 50 0 650 0 20 50 20 0 0 0 0 0 0 0 100 972 

2 0 100 50 0 0 0 20 n.s.** 0 0 0 0 0 0 0 0 0 0 

3 0 0 150 100 0 40 0 0 oS =a: s 0 20 0 0 0 50 0 

4 0 150 0 150 50 100 0 0 0 nes. O 0 0 0 0 0 0 0 

5 0 0 150 ns. 50 0 0 0 _ we 0 0 0 0 20 0 40 
Mean 60 80 50 30 380 8 10 5 0 0 0 4 0 0 4 30 200 


* Point of challenge; + positive on nonquantitative zinc sulfate flotation only; ** no sample obtained. 


Each lamb in group 6 was given 10,000 normal 
larvae on day zero. All lambs were killed on day 
37 as a control of the infectivity of the larvae 
used to make the vaccine. 

Each lamb of group 7 was given 10,000 normal 
larvae on day zero, 8,000 normal larvae on day 
117, and was killed on day 163. 

Group 8 was the challenge control group; each 
lamb received 8,000 normal larvae on day 117 and 
was killed on day 163 (table 1). 


RESULTS 
Counts of fecal egg output were made at 
approximately weekly intervals beginning 
on day 18; these results, together with the 
postmortem abomasal worm burdens are 
shown (tables 2-9). The final results of 
the experiment are summarized (table 10). 
The lambs did not show clinical signs of 
disease at any time during the experiment. 


TABLE 6—Parasitological Findings in Lambs of Group 4 (B) 


from each of the vaccine groups were killed 
when fecal counts of the control lambs 
(group 6) showed that the normal infee- 
tions had reached full patency (table 2). 
Lambs in groups 1A and 2A showed no 
significant reduction in ‘‘take’’ over the 
control animals, indicating that the larvae 
were insufficiently irradiated; lambs in 
groups 3A, 4A, and 5A did have a mark- 
edly lower worm burden and showed that 
these radiation dosages possibly encom- 
passed the optimal level. In the light of 
the findings of the challenge infection of 
animals in group 5B (given larvae treated 
with 100,000 roentgens), in which there 
was evidence of only a moderate degree of 
immunity, it would appear that the opti- 
mal level of irradiation lies between 40,000 
roentgens and 60,000 roentgens, since lambs 


No. of 


Lamb Eggs per gram of feces on day: worms at 
No. 18 84 40 48 54 61 68 76 83 90 96 103 110 117 144* 146 158 mecropsy 
1 +7 50 0 0 0 0 0 9 0 n.s.** 50 20 0 0 0 0 0 0 
2 + 0 0 0 0 0 0 0 0 ns. 20 0 0 0 0 0 50 0 
3 0 0 0 0 0 0 0 0 0 ns. 20 0 0 0 0 0 0 0 
4 0 0 0 0 0100 20 0 0 ns. 0 0 0 0 0 0 0 0 
5 0 0 100 0 0 0 0 0 Cc ns. 0 0 0 0 0 0 0 0 
Mean 10 20 0 0 20 4 0 D wee 18 4 0 0 Cc 0 10 0 


* Point of challenge; ¢ positive on nonquantitative zinc sulfate flotation only; 


DIscussION 


In assessing the value of this method of 
making a vaccine, the first point to be de- 
cided is whether the particular parasite 
ean be partially inactivated and, if so, 
what is the limiting range of radiation 
dosage to be applied to it. Two animals 


TABLE 7—Parasitological Findings in Lambs of Group 5 (B) 


** no sample obtained. 


in groups 3 and 4 showed marked inacti- 
vation of larvae and also good immunity. 
It is of interest that the 60,000-roentgen 
dose produces too much inactivation in the 
case of D. viviparus larvae and that these 
do not penetrate far enough to produce 
immunity, whereas we have found that 


No. of 


Lamb Eggs per gram of feces on day: worms at 
No. 18 34 40 48 54 61 68 76 83 90 96 103 110 117 144* 146 158 mecropsy 
1 0 650 0 0 0 0 0 0 0 ns.t O 0 0 0 0 100 10,000 1,540 
2 0 0 0 0 0 0 0 0 Ons. O 0 0 0 0 50 2,800 897 
3 +** 0 0 0 0 0 0 0 S.s8, 9 0 0 0 0 0 50 270 
4 + 0 0 0 0 0 20 0 0 ns. 20 0 0 0 0 0 0 0 
5 0 0 0 0 50 0 0 0 0 ns. 0 0 0 0 0 0 100 0 
Mean 10 0 0 10 0 4 0 © _ cccces 4 0 0 0 0 30 2,590 442 


* Point of challenge; ¢ no sample obtained; ** positive on nonquantitative zinc sulfate flotation only. 
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TABLE 8—Parasitological Findings in Lambs of Group 7 


No. of 
worms at 


Eggs per gram of feces on day: 


Lamb 
No. 


146 158 necropsy 


144* 


83 


40 48 54 61 68 


34 


18 


900 


50 


300 150 600 1 


1,000 


4,000 1,450 


20 


40 


300 


1,000 2,100 450 


2 


,500 


600 


100 350 


150 


1,700 1,000 4,200 3,750 4,200 2,000 900 


900 


4,200 1,800 300 60 150 


6,450 7,600 


0 


4,200 25 


2,450 


40 


2,160 510 2,820 2,780 1,950 780 310 


2,000 


Mean 


* Point of challenge; 7+ positive on nonquantitative zinc sulfate flotation only; ** no sample obtained. 


TABLE 9—Parasitological Findings in Lambs of 


Group 8 
No. of 

Lamb Eggs per gram of feces on day: worms at 

No. 144 146 158 necropsy 
1 0 0 

2 0 0 8,850 2,390 

3 0 0 4,400 430 

4 0 0 1,850 4,240 

5 0 0 2,250 1,600 

Mean 0 0 3,940 2,042 


doses as low as 5,000 roentgens are suffi- 
cient to inactivate Fasciola gigantica. 

The conclusions which can be drawn 
from this experiment are limited but en- 
couraging, and may be summarized as 
follows: (1) within the experimental sys- 
tem used (relatively small numbers of 
lambs, larvae given as one single dose, sub- 
clinical levels of infection and a relatively 
short time between vaccination and chal- 
lenge), lambs develop a degree of resistance 
to reinfection by H. contortus; (2) it is 
possible to partially inactivate third stage 
infective H. contortus larvae by x-irradia- 
tion; and (3) such larvae, if subjected to 
a dose of x-rays between 40,000 and 60,000 
roentgens, will produce a marked resistance 
to reinfection. 

If these results are confirmed by later 
work using a wider range of challenge 
doses, they have an important bearing on 
certain fundamental factors in helminth 
immunity. They indicate that the minimal 
penetration and short period of larval de- 
velopment is sufficient to stimulate an ap- 
preciable immune response and that the 
presence of adults may not be necessary to 
produce resistance. From earlier work }? 
with Trichinella spiralis, it has been sug- 
gested 1° that adult infections are neces- 
sary to induce refractoriness to reinfection 
with gastrointestinal nematodes. This does 
not appear to be the case in D. viviparus 
infection ?+5*.5 and the present results 
indicate that H. contortus, a purely ali- 
mentary worm, may also fail to conform 
to this theory. 


TABLE 10—Summary of Results of Challenge 


Infection 
Group Roentgen Mean No. of worms 
dose on challenge 
1 (B) 10,000 5 
2( B) 20,000 0 
3 (B) 40,000 200 
4 (B) 60,000 0 
5 (B) 100,000 442 
7 Double infection 620 
x Control 2,042 
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If larvae can be partially inactivated by 
this method, and yet induce immunity, this 
would appear to be a fruitful field of re- 
search in many helminth diseases. Little is 
known of the quantitative aspects of im- 
mune response to helminth parasites, but 
in bovine parasitic bronchitis it is known ® 
that a typical anamnestic response takes 
place after reinfection. We have also 
shown,? in parasitic bronchitis, that if 
calves are given two doses of irradiated 
larvae with a 30-day interval between, they 
can completely withstand a challenge in- 
fection which is lethal to untreated sus- 
ceptible animals. An experiment is in 
progress to asses the value of this double 
vaccination procedure in H. contortus 
infections. 


SUMMARY 


Batches of infective larvae of Haemon- 
chus contortus were treated with, respec- 
tively, 10,000, 20,000, 40,000, 60,000, and 
100,000 roentgens of x-rays. The larvae 
were then given orally to sheep to assess 
the degree of inactivation achieved by ir- 
radiation and the immunity produced by 
such treated larvae. It was found that lar- 
vae subjected to 40,000 and 60,000 roent- 
gens produced a good immunity to rein- 
fection. The applications of these findings 
to vaccination against the parasite are 
discussed. 
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Biochemical and Serological Separation of Some 
Members of the Genus Vibrio 


L. R. DiLIELLO, Ph.D.; L. J. POELMA, D.V.M.; J. E. FABER, Ph.D. 
College Park, Maryland 


VIBRIOS ARE widely distributed in nature; 
they may be found in water, soil, and ani- 
mal and human hosts. Difficulty is often 
encountered when these organisms must be 
characterized. In this study, emphasis was 
placed on vibrios which are known to be 
pathogenic primarily for domestic animals. 
Vibrio comma and certain saprophytic Vib- 
rio species were included for comparison. 
Data obtained from a study of the bio- 
chemical and serological characteristics of 
diffierent vibrios from various sources are 
discussed. 


REVIEW OF LITERATURE 


The first isolation of a Vibrio from animals was 
made by Gamaléia’ in 1888 in Odessa, Russia. 
The organism, closely related to the cholera Vib- 
rio both morphologically and physiologically, was 
isolated from chickens dying of acute intestinal 
infections. 

Winter dysentery was first described in the 
United States by Steffen™ in 1915. Smith and 
Oreutt * studied the serological relation of Vibrio 
fetus and vibrios isolated from ealves suffering 
from acute enteritis. In 1931, Jones and Little ™ 
deseribed the etiology, pathology, and clin‘cal fea- 
tures of the disease, and Jones” named the organ- 
ism Vibrio jejuni. The disease has been described 
in England, Sweden, Germany, and other countries. 


Vibrionie dysentery in swine was first recognized 
in this country by Hofferd® in 1918. In 1924, 
Whiting * reported reproducing the disease experi- 
mentally by feeding healthy animals infected ma- 
terial from diseased swine. Extensive studies of 
the disease were reported by Doyle in a series of 
papers ** from 1943 to 1948. He isolated a Vibrio 
from affected animals and successfully reproduced 
the disease in healthy animals. He named the 
organism Vibrio coli. At least two distinct morpho- 
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logical types of vibrios were recognized in affected 
colons. Doyle suggested that one form may occur 
as a normal inhabitant of swine intestine. Harms 
and Hoiter*® described methods of cultivating the 
organism. The biochemical and serological prop- 
erties of different vibrios occurring in swine are 
not well known, and their relationship to other 
animal pathogens is not clear. 

Vibrionic abortion was first observed in Great 
Britain in 1909 by McFadyean and Stockman.” 
A Vibrio was isolated from the aborting ewes. A 
decade later in this country, Smith * was the first 
to report vibrionic abortion in cattle which were 
free of brucellosis. The organism was named JV. 
fetus by Smith and Taylor,” since at that time it 
could be isolated only from aborted fetuses. 

In eattle, the disease is mainly one of temporary 
infertility with abortion being secondary.” Vibrio- 
sis in sheep manifests itself as an abortion 
disease.”* 

Evidence given by many investigators shows 
that vibrios, other than V. fetus, inhabit the bovine 
and ovine genital tract. Little work has been 
done to systematically characterize this group of 
vibrios. Frank and Bryner® found these organ- 
isms to be catalase-negative, H2S-positive, and 
morphologically indistinguishable from V. fetus. 
Since these organisms are indistinguishable mor- 
phologically from V. fetus, biochemical and sero- 
logical tests should be used for their differentia- 
tion. Price et al.” found that vibrios from nonfetal 
sources which were H.S-positive and serologically 
unrelated to fetal strains were not V. fetus. 

Kuzdas and Morse™ studied biochemical char- 
acteristics of different Vibrio cultures and found 
that V. fetus, irrespective of source of isolation, 
was defined as catalase-positive and H.S-negative. 
Human strains of V. fetus were closely related 
biochemically to animal strains. 

King ™ studied the public health significance of 
V. fetus strains. Vibrios isolated in cases of 
gastroenteritis in man were found to be serologi- 
eally related to V. fetus and were termed the 
‘‘related Vibrio’’ group. Possible serological re- 
lationships between V. jejuni and V. fetus, or 
to members of the related Vibrio group, were 
suggested. 


MATERIALS AND METHODS 


Cultures——The 68 Vibrio cultures used in this 
study were of bovine, ovine, human, porcine, and 
avian origin. These cultures included V. fetus 
strains, catalase-negative vibrios, members of the 
related Vibrio group, and swine vibrios. Other 
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vibrios—V. comma, V. jejuni (ATCC 11734), V. 
metschnikovii (ATCC 7708), V. cuneatus (ATCC 
6972), V. percolans (ATCC 8461), V. proteus 
(ATCC 6361), and V. tyrogenus (ATCC 7085)— 
were obtained from the American Type Culture 
Collection. 

Cultures were isolated according to the methods 
of Bryner and Frank.* Prior to biochemical and 
serological studies, all cultures were examined for 
smooth, rough, and mucoid colonies according to 
the methods used by Bond.* Smooth colonies were 
used for biochemical and serological tests. The 
inoculum used in all biochemical tests was 0.2 ml. 
of a well-mixed 48- to 72-hour thioglycollate culture. 

Stock eultures were maintained in thioglycollate 
medium (BBL 01-135C) and transferred at bi- 
weekly intervals. Cultures of V. comma were main- 
tained on heart-infusion agar slants adjusted to 
pH 8.0. 

Biochemical Tests.—Catalase production was de- 
termined by adding 2 ml. of 3 per cent H2O: solu- 
tion to 7 ml. of a 48- to 72-hour thioglycollate 
culture. The mixture was shaken and placed in 
a water bath at 37C. 

Hydrogen sulfide was detected by the lead 
acetate test-strip technique. Brain-heart infusion 
(BBL 01-239), containing 0.7 Gm. of agar and 
0.3 Gm. of cysteine HCl per liter, was used as 
the test medium. 

Ability to reduce nitrates was demonstrated by 
inoculating cultures into thioglycollate medium 
containing 1 Gm. of KNOs per liter; nitrite was 
detected by recommended methods.” 

Indole production was determined by the Gnezda 
technique. Indole-nitrite medium (BBL 01-155) 
was used. 

Salt-tolerance tests were performed by inoculat- 
ing cultures into thioglycollate medium containing 
1, 3, and 5 per cent salt. Cultures were incubated 
at 37 C. for five days. 

Cultures were inoculated into nutrient broth 
(BBL 01-125) and ineubated at 37C. for five 
days. Growth was compared with that occurring 
in thioglycollate medium. 

Cultures were tested in litmus milk and trypti- 
case-enriched litmus milk. The latter was prepared 
by adding 10 Gm. of trypticase per liter of litmus 
milk. Litmus milk cultures were incubated at 37 C. 
for 14 days. 

Sensitivity to methylene blue was determined by 
inoculating tubes of thioglycollate medium con- 
taining 0.01 and 0.05 per cent methylene blue. 
These tubes were incubated at 37 C. for three to 
five days. Reduction of the dye was used as the 
criterion for growth. In doubtful reactions, micro- 
scopic examinations were made to determine 
growth. 

The pH values of five-day thioglycollate cultures 
were determined on the Photovolt (model 115) 
pH meter. 

The cholera-red reaction was performed by add- 
ing slowly 1 ml. of concentrated HeSO, to 7 ml. of 
a 48-hour culture grown in indole-nitrite medium. 


The ability to ferment 22 carbohydrates was 
determined by inoculating cystine-trypticase agar 
(BBL 01-174) deeps containing 1 per cent carbo- 
hydrate. Inoculated tubes were incubated at 37 C. 
for five days. Suitable controls were checked si- 
multaneously with the performance of each test. 

Serology.—Antigens were grown on thioglycol- 
late agar (2.5%) in Kolle flasks. This medium 
was suitable for antigen production, since it 
produced good growth of most cultures except 
V. comma and the catalase-negative vibrios. Anti- 
gens prepared in this manner exhibited cells of 
uniform morphology and active motility which 
were not autoagglutinable in physiological saline 
solution. 

Flasks were incubated under 10 per cent CO: 
for three to five days. Vibrio comma antigen was 
grown on heart-infusion agar slants adjusted to 
pH 8.0. Catalase-negative vibrios were grown in 
thioglycollate medium from which all traces of 
agar were removed. All antigens were washed in 
sterile phyriological saline solution (0.85%) three 
times at 3,500 r.p.m. for 15 minutes. Concentrated 
antigens were stored at 5C. 

Antiserums were prepared by injecting 5- to 
7-lb. rabbits intravenously with living cultures 
(except V. comma). Antigens were adjusted to a 
density corresponding to No. 3 on the McFarland 
nephelometer scale. This antigen was injected in 
0.5 ml., 1.0 ml., and 1.5 ml. amounts for three 
successive days. After a 4-day lapse, antigens 
were adjusted to McFarland No. 4 and adminis- 
tered in 0.5, 1.0, 1.5, and 2.0 ml. amounts for four 
successive days. Six days after the last injection, 
trial blood samples were taken to determine anti- 
body titer. Animals with sufficient titers were 
exsanguinated. 

Prior to immunization, 5 ml. of blood was with- 
drawn from each rabbit for the detection of nor- 
mal agglutinins. 

Immune serums were dispensed in 2.0-ml. quan- 
tities and preserved at —60C. Repeated freezing 
and thawing of serum did not significantly alter 
antibody titer. The reciprocal whole-cell cross- 
agglutination test was used to determine serologi- 
eal relationships between 68 antigens and 59 anti- 
serums. Dilutions were made according to the 
method used by Price et al.” Final serum dilu- 
tions were 1:50 to 1: 6,400. 

All tube agglutination antigens were standard- 
ized by diluting with formolized saline solution 
(0.3%) to a final concentration of cells equal to 
about 4.5 by 10° per milliliter. A reading of 75 
per cent transmittance using the 440 my filter of 
the Brociner-Mass Clinical Analyzer gave a sus- 
pension of the desired density. In each tube, 2 ml. 
of diluted antigen was used. The tubes were in- 
cubated at 37C. for 48 hours, then observed for 
the nature and size of the clump and the amount 
of clearing occurring in the antigen suspension. 
The antibody titer was expressed as the reciprocal 
of the highest serum dilution showing a 3+ 
agglutination. 
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RESULTS AND DISCUSSION 


Biochemical and serological reactions of 
68 different Vibrio cultures from various 
sources were studied. Cultures were divided 
into groups on the basis of the catalase 
reaction or the animal host from which they 
were isolated, or both. Group 1 contained 
bovine catalase-positive cultures; group 2 
contained bovine, ovine, and human cata- 
lase-negative cultures; group 3 contained 
ovine V. fetus cultures; group 4 contained 
human V. fetus cultures ; group 5 contained 
cultures of the related Vibrio group __iso- 
lated from human beings with cases of 
gastroenteritis; group 6 represented a V. 
comma strain used ; group 7 contained vib- 
rios of swine origin ; and group 8 contained 
V. metschnikovii and four saprophytic 
species. 

The only cultures which fermented carbo- 
hydrates were V. comma, V. metschnikovii, 
V. cuneatus, and V. proteus. Fermentation 
reactions were not valuable for differentia- 
tion of other Vibrio cultures. Results ob- 
tained with methylene blue sensitivity tests 
were not definite enough to permit differen- 
tiation. However, bovine strains of V. fetus 
(group 1) appeared to be more sensitive 
to methylene blue than ovine and human 
strains were. 

Growth in nutrient broth did not reveal 
marked differences for characterizing these 
cultures. However, V. fetus cultures of 
bovine origin (group 1) and members of 
the related Vibrio group (group 5) did 
not grow as well as other cultures. 

The cholera-red reaction failed to dif- 
ferentiate these vibrios, since most of the 
cultures were incapable of forming indole 
and reducing nitrate simultaneously; V. 
comma and V. metschnikovii gave strong 
cholera-red reactions. In certain indole- 
negative and nitrite-positive cultures, 
cholera-red reactions were observed. Fur- 
ther work is needed to explain these results. 

Several routine biochemical tests for the 
differentiation of the vibrios are the cata- 
lase reaction, H»S production, nitrate re- 
duction, salt-tolerance, litmus milk reac- 
tions, and pH of thioglycollate medium. 
Emphasis was placed on these reactions as 
produced by the different groups of vibrios 
in light of the serological relationships 
which existed between the groups. 

The following results were obtained from 
agglutination reactions when 68 vibrio anti- 
gens were crossed with 59 prepared anti- 


serums. In general, V. fetus strains (groups 
1, 3, and 4) appeared to be closely related 
serologically, with the exception of three 
cultures. Bovine V. fetus cultures (group 
1) were catalase-positive and usually H.S- 
negative. The cultures reduced nitrates 
strongly and failed to grow in the presence 
of 3 per cent salt or produce a change in 
plain litmus milk. An alkaline reaction 
(with some reduction of litmus) was ob- 
served in enriched litmus milk and in five- 
day thioglycollate cultures. In contrast, V. 
fetus cultures of ovine (group 3) and hu- 
man (group 4) origin were biochemically 
similar to bovine strains, but differed in 
that they produced small quantities of H.S 
and some degree of peptonization in litmus 
milk. Peptonization was never observed 
with bovine strains. Vibrio jejuni (group 
1) was serologically distinct from all V. 
fetus strains (groups 1, 3, and 4). The 
organism also differed by its failure to 
reduce nitrate. 

The most distinguishing biochemical 
characteristics of vibrios in group 2 were 
the catalase and H.S reactions, salt- 
tolerance and pH value of five-day cultures. 
These cultures were catalase-negative, H.S- 
positive, tolerant to 3 per cent (sometimes 
5%) salt, and unable to produce a pH 
of more than 7.5 in five-day cultures. On 
the basis of cross-agglutination reactions 
these organisms, with one exception, ap- 
peared to be serologically unrelated to all 
other cultures. The exception was a Vibrio 
of human origin. 

The related Vibrio group (group 5) in- 
cluded vibrios isolated from human beings 
with cases of gastroenteritis. These organ- 
isms appeared to be serologically related to 
many V. fetus cultures (groups 1, 3, and 
4). However, certain biochemical differ- 
ences may be pointed out which might serve 
to distinguish these vibrios from V. fetus. 
Related Vibrio cultures were catalase-posi- 
tive, H2S-positive, and produced an alka- 
line curd with reduction of litmus in en- 
riched litmus milk. King!* observed that 
these vibrios might be differentiated fur- 
ther by their ability to grow luxuriantly at 
42 C. Serological relationships could not 
be demonstrated between V. jejuni and 
members of the related Vibrio group. The 
possible relationship of this organism to 
related Vibric cultures has been mentioned 
by King. 

Six cultures of the swine Vibrio group 
(group 7) appeared to be serologically and 
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biochemically heterogeneous. On the basis 
of serological reactions, the group was di- 
vided into three subgroups. The first sub- 
group contained one culture which was 
serologically distinct. The second subgroup 
contained two cultures which were serolog- 
ically related to each other. These two sub- 
groups appeared closely related biochemi- 
cally to members of the related Vibrio 
group (group 5), but failed to curdle lit- 
mus milk. It is possible that these organ- 
isms may be V. coli. Unfortunately, this 
was not confirmed, since known V. coli cul- 
tures were unavailable for comparison. The 
third subgroup contained three cultures 
which were serologically related to each 
other and to V. fetus. Biochemically, these 
cultures differed from V. fetus in that they 
were H.S-variable and salt-tolerant. De- 
tection of V. fetus-like organisms in swine 
indicates that these animals may serve as 
reservoirs of V. fetus infection in other 
livestock. Strains isolated from cattle, sheep 
and, possibly, human infections may merely 
represent swine vibrios (daughter strains) 
which have adapted to other animal hosts. 
Identification of swine vibrios may be made 
by using biochemical and serological tests 
simultaneously. 

The four saprophytic Vibrio species 
(group 8) were serologically distinct spe- 
cies. Two species, V. cwneatus and V. pro- 
teus, were capable of fermenting carbohy- 
drates, while V. percolans and V. tyrogenus 
failed in this respect. Vibrio proteus was 
the only saprophytic species unable to split 
urea. All saprophytic species liquefied gel- 
atin except V. percolans. 

Vibrio comma and V. metschnikovii were 
serologically distinct species. These two 
vibrios were relatively active biochemically. 
Liquefaction of gelatin, indole production, 
salt tolerance, and litmus milk reactions 
identified and differentiated these species 
from vibrios found in animal hosts. V. 
metschnikovii was differentiated from V. 
comma by its ability to curdle litmus milk. 


SUMMARY 


Biochemical and serological reactions of 
68 vibrio cultures from various sources 
were studied. 

Vibrio fetus cultures of bovine, ovine, 
and human origin were serologically related 
(groups 1, 3, and 4). 

Bovine strains of V. fetus (group 1) 
were catalase-positive, usually H2S-nega- 


tive, salt-sensitive, and negative in plain 
litmus milk. They produced an alkaline 
reaction with reduction in enriched litmus 
milk and raised the pH (pH 8.0) of thio- 
glycollate medium after five days of ineu- 
bation. Several cultures in group 1 did 
not conform biochemically or serologically, 
or both. Ovine (group 3) and human 
(group 4) strains of V. fetus were less 
fastidious than bovine strains, were weakly 
positive for H.S, and peptonized enriched 
litmus milk. 

Vibrio jejuni (group 1) was serologically 
distinct and failed to reduce nitrate. 

Vibrio fetus strains (groups 1, 3, and 4), 
irrespective of source, appeared to be (with 
one exception) the same organism serologi- 
eally, with minor biochemical differences. 

Vibrios from nonfetal sources (group 2), 
which were serologically unrelated to V. 
fetus, were catalase-negative, H2S-positive, 
salt-tolerant, and unable to raise the pH 
of thioglycollate medium after five days of 
incubation. Members of the catalase-nega- 
tive group were serologically related to 
each other, with one exception. 

Related Vibrio eultures (group 5) were 
serologically related to V. fetus cultures. 
Biochemically, they differed from V. fetus 
by producing large quantities of HS and 
eurdling litmus milk. 

The presence of three serological sub- 
groups in group 7 (swine vibrios) was in- 
dicated. The group was not homogeneous 
on the basis of biochemical and serological 
reactions. The isolation of V. fetus-like or- 
ganisms from swine indicated the poss'bil- 
ity of these animals being carriers for V. 
fetus infection in cattle, sheep, goats and, 
possibly, in man. 

Vibrio comma, Vibrio metschnikovii, and 
four saprophytic Vibrio species were easily 
differentiated from vibrios found in live- 
stock. 
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Electron Microscopic Studies of the Virus of Avian 
Infectious Laryngotracheitis 


A. M. WATRACH, M.R.C.V.S., Ph.D.; A. E. VATTER, Ph.D.; 
L. E. HANSON, D.V.M., Ph.D.; MARIAN A. WATRACH, M.S.; 
H. E. RHOADES, M.S. 


Urbana, Illinois 


THE virus of avian infectious laryngotra- 
cheitis (LT) has been the subject of peri- 
odie study since its first identification by 
Beach.''? The size of viral particles was 
originally estimated as 45 to 82 myp in 
diameter by means of filtration through a 
graded series of collodion membranes.’ Re- 
cently, Reagan et al.** employed the elec- 
tron microscope for their investigations and 
found that the viral elements in shadow- 
east preparations ranged from 100 to 110 
my. 

A comprehensive paper describing pathological 
changes encountered in avian infectious laryngo- 
tracheitis was presented by Seifried.” The author 
based his observations on 30 field and experimen- 
tally infected cases and found that characteristic 
lesions occurred in the respiratory system. Most 
commonly involved were the larynx and trachea, 
both of which showed a degree of inflammatory 
reaction, particularly in the mucosa. Microscopi- 
eally, the affected: mucous membrane was edem- 
atous and infiltrated with inflammatory cells. Many 
of the epithelial eells had undergone proliferation, 
and later in the disease showed degenerative and 
necrotic changes. Acidophilic, intranuclear inclu- 
sion bodies, often separated from the marginated 
chromatin by a clear zone, were seen in a number 
of epithelial cells. According to Seifried, most of 
the inclusions reacted positively to the Feulgen test 
and, when treated with silver salts, displayed an 
internal granular structure. 

The first successful attempt at propagation of 
the LT virus on the chorioallantoic membrane of the 
chicken embryo was reported by Burnet.” The le- 
sions produced took the form of opaque plaques 
and were characterized by hyperplasia, chiefly of 
the ectodermal cells, and by acute inflammation of 
the mesoderm. Acidophilic, intranuclear inclusion 
bodies occurred in a number of the affected cells. 
The author admitted, however, that ‘‘the predomi- 
nance of ectodermal changes’’ could be ‘‘ related 
mainly to the method of inoculation.’’ Similar find- 
ings were recorded by Brandly.° 

The purpose of this report is to describe 
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the structure of the laryngotracheitis virus 
and to elaborate on some aspects of the cel- 
lular changes encountered in the chorio- 
allantoic membrane of infected chicken 
embryos. 


MATERIALS AND METHODS 


The virus used for this study was isolated from 
a bird with a field case of laryngotracheitis (strain 
N 71851) and has been maintained in a lyophilized 
state, with periodic tests for viability, for six years. 


Nine-day embryonating chicken eggs were inocu- 
lated with 0.2 ml. of a suspension of the virus on 
the chorioallantoic membrane, according to the 
technique described by Gorham.” After five days 
of incubation, the shell over the air sac and the 
inner shell membrane were removed; the exposed 
chorioallantoie membrane was then flooded with a 
1 per cent solution of osmium tetroxide buffered 
at a pH of 7.6. Portions of the membrane exhibit- 
ing the characteristic plaques were cut out with fine 
scissors, trimmed into cubes of about 1 mm., and 
fixed at room temperature ror 30 minutes in a 1 
per cent solution of osmium tetroxide buffered at 
a pH of 7.6. After washing in three changes of 
distilled water at 0C., the specimens were dehy- 
drated in ethyl alechol of graded dilutions (20, 
35, 70, 95%) at 0C., 20 minutes in each, and in 
absolute ethyl alcohol, with three changes, for one 
hour. The tissues were then infiltrated with mono- 
merie methacrylate (4:1 n-butyl and methyl) for 
two hours and embedded in prepolymerized meth- 
acrylate. The process of polymerization was ac- 
complished under ultraviolet light at 30C. in 24 
to 36 hours. The specimens were sectioned by 
means of a Porter-Blum microtome and examined 
with an RCA, EMU 3e electron microscope. For 
control observations, the chorioallantoic membranes 
of a few apparently normal 14-day chicken em- 
bryos were processed by the same technique. 

For a comparative light microscopic study of 
cellular changes encountered in the affected mem- 
branes, thick (2 u) sections were cut from meth- 
acrylate-embedded specimens and mounted on glass 
slides. After removal of methacrylate with chloro- 
form and bleaching in a 3 per cent solution of 
hydrogen peroxide in 70 per cent ethyl alcohol,’ 
the sections were stained with hematoxylin-eosin 
and by the Feulgen and periodic acid-Schiff (PAs) 
methods. In addition, some of the involved and 
normal control membranes were fixed for 24 hours 
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in Zenker’s fluid, processed through paraffin em- 
bedding technique, and stained by the same meth- 
ods as used for methacrylate-embedded specimens. 

Since the shape of intracellular elements is often 
distorted by compression due to sectioning, the 
particles presumed to be virus were also studied 
in purified, shadow-east preparations. For that 
purpose, 7 ml. of affected chorioallantoic mem- 
branes, harvested five days after inoculation, were 
suspended in an equal amount of physiological sa- 
line solution and homogenized in a Waring Blendor. 
The extract was freed of gross tissue particles by 
low-speed centrifugation (500 g) for 20 minutes. 
The supernatant fluid was then subjected to 
90,000 g for one hour in a 39 swinging-bucket 
rotor of an ultracentrifuge.* The sediment thus 
obtained was resuspended in 0.3 ml. of physiologi- 
eal saline solution buffered at a pH of 7.0. After 
deposition on collodion-coated grids, the prepara- 
tions were dried in the air and shadow-cast with a 
chrome-gold alloy at a tangent of approximately 20 
degrees. 

The presence of the L? virus in the membranes 
under study was tested by infectivity experi- 
ment. For that purpose, several apparently healthy 
ehickens, 6 weeks old, which had been kept in iso- 
lation from the day of hatching, were inoculated 
intranasally with 1 ec. of a suspension of the af- 
fected chorioallantoic membranes in nutrient broth. 
A few days after the first signs of clinical illness, 
the birds were killed and portions of their tracheas 
ground and extracted with physiological saline so- 
lution. The suspension thus prepared was inocu- 
lated on the chorioallantoic membrane of nine-day 
chicken embryos. Five days after inoculation, the 
membranes were harvested, fixed in Zenker’s fluid, 
and processed for light microscopic studies as de- 
scribed previously. 


OBSERVATIONS 


Uninfected Membranes.—Since the fine 
structure of the chorioallantoic membrane 
of normal chicken embryos has been previ- 
ously described,®:'* it is not proposed to 
enter upon a detailed presentation of its 
morphological features. The cells of the 
entodermal layer, primarily concerned in 
this work, were elongated or polyhedral in 
shape and usually formed a single layer 
separating the mesoderm from the allantoic 
cavity. Their outer surface, in contact with 
the allantoic fluid, displayed numerous, 
slender microvilli. The cytoplasm exhibited 
mitochondria, the elements of endoplasmic 
reticulum, large vacuoles often containing 
finely granular material (possibly precipi- 
tate), and dense homogenous spheroidal 
bodies of varying size and apparently of 
lipid character. The oval or round nuclei 


manufactured by 
Belmont, 


* Spinco Model L ultracentrifuge, 
Beckman Instruments, Inc., Spinco Division, 
Calif. 


often possessed eccentrically placed nu- 
cleoli. No particles reminiscent of those 
observed in infected membranes and pre- 
sumed to represent the laryngotracheitis 
virus were found in cells of the normal 
chorioallantoic membrane. 

Infected Membranes.—Light, microscopic 
studies of the affected chorioallantois re- 
vealed that the plaquelike lesions were 
characterized by acute inflammation of the 
mesodermal layer and by hyperplasia, usu- 
ally followed by degeneration and necrosis, 
of the entoderm and only to a minor degree 
of the ectodermal lining. The appearance of 
intranuclear inclusion bodies in epithelial 
cells was a consistent and characteristic fea- 
ture of the reactive process. The affected 
nuclei were often enlarged and showed 
margination of chromatin on the inner sur- 
face of the nuclear membrane. On occasion, 
presumably in earlier stages of formation, 
the inclusions occupied the entire nuclear 
space and tended to stain with basic dyes. 
In many instances, however, the body of 
the inclusion was separated from the nu- 
clear membrane by a clear zone. A large 
number of such structures displayed a de- 
gree of affinity for acid stains. A small 
proportion of inclusions showed a strong 
reaction to the Feulgen test ; the remaining 
ones exhibited only a slight response or 
were unstained. The pas technique gave 
consistently negative results. 

In addition to nuclear inclusions, many 
entodermal cells contained well-defined, in- 
tracytoplasmic masses of a finely granular 
character. The constituent particles were 
so small that the individual granules could 
be discerned with difficulty under oil 
immersion (x 1125). In hematoxylin-eosin 
stained sections, the aggregates of such par- 
ticles showed only a moderate affinity for 
eosin. 

A much better differentiation from the 
cytoplasmic matrix was obtained with the 
pas method. A faintly positive reaction 
could be detected in some of the aggregates 
with the Feulgen test. These intracyto- 
plasmic ‘‘inclusions’’ varied in size from 
small round bodies of 1 yp, or less, to large 
masses of 20 p» in diameter (fig. 1), often 
displacing the nucleus towards the periph- 
ery of the cell. The nature of the aggregates 
could not be ascertained from examination 
of stained sections alone. By correlation 
with the electron microscopic findings, how- 
ever, it became apparent that most, if not 
all, of these structures corresponded in 
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Fig. 1—Multinucleated entodermal cell displaying intracytoplasmic, finely granular mass (ar- 
row) presumed to be composed of laryngotracheitis virus particles. Nuclei (N), showing inclu- 
sion bodies in various stages of formation, are displaced toward the periphery. H & E stain; 
xX 2,200. 
Fig. 2—Shadow-cast preparation of purified laryngotracheitis virus. Some of the particles of 
virus are indicated by arrows. x 20,000. 
Fig. 3—Electron micrograph of laryngotracheitis virus particles in cytoplasmic aggregate. 
Most of the particles exhibit an opaque core surrounded by a zone of lesser density and a thick 
outer membrane. x 38,000. 
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their location and size to the masses of 
particles presumed to be virus. 

Electron microscopic observations were 
focused chiefty on the layer of the chorio- 
allantoic membrane which showed the most 
characteristic reaction, 1.e., the entoderm. 
Many eells of this layer displayed vary- 
ing degrees of degeneration. Cytoplasmic 
changes were manifested essentially by the 
appearance of vacuoles in the matrix, by 
swelling and disintegration of the mito- 
chondrial cristae, and by fragmentation of 
fine tubules which evidently represented 
the endoplasmic reticulum. Vacuolation of 
mitochondria was also commonly observed. 
The cell membrane was sometimes found 
to be ruptured, seemingly as a result of 
pressure exerted by marginal vacuoles. The 
cytoplasmic degenerative processes were of- 
ten attended by some increase in the num- 
ber and thickness of the microvilli. Nuclear 
alterations frequently occurred but were 
less clearly defined. The most common was 
the peripheral accumulation of finely gran- 
ular components which evidently corre- 
sponded to margination of chromatin. 
Rarel, ‘lense and somewhat shrunken nu- 
clei, apparently representing the pyknotic 
forms, could also be observed. 

The degenerative changes in entodermal 
cells were not infrequently concurrent with 
the appearance of variable-sized aggregates 
of well-defined particles presumed to be 
the virus of infectious laryngotracheitis 
(fig. 4). In most instances, such particles 
were present only in the cytoplasm but on 
rare occasion could also be discerned in the 
nuclei. 

The intracytoplasmic aggregates ranged 
from small clusters to large accumulations 
of closely packed particles which occupied 
a considerable portion of the cell body and 
displaced the nucleus toward the periphery. 
Most of the aggregates were enveloped by a 
thin membrane which often formed a well- 
delineated vesicie. The number of cells con- 
taining such particles varied appreciably 
from specimen to specimen. On the aver- 
age, however, approximately 5 per cent of 
the entodermal cells showed their presence. 

The particles found in the cytoplasm 
measured from 150 mp to 240 my in dia- 
meter (fig. 3), with the average size esti- 
mated at 180 mp. Most of the particles dis- 
played a dense core 50 to 80 my in diameter, 
an intermediate zone 40 mp wide, and an 
outer membrane which formed an appar- 
ently homogenous, dense capsule, measur- 


ing 25 to 50 my in thickness (fig. 3). The 
elliptical forms seen in many of the speci- 
mens were evidently the result of com- 
pression during sectioning. Shadow-cast 
preparations of the purified virus revealed 
that the particles were spherical or poly- 
hedral and of 180 mz in average diameter 
(fig. 2). 

In addition to the viruslike particles, 
some of the cytoplasmic aggregates con- 
tained numerous, fine, smooth-surfaced tu- 
bules of varying length and 25 to 45 my 
in width (fig. 7, 8, 9). The tubular char- 
acter of these structures was evident on 
eross section (fig. 8). Not infrequently, 
such tubules displayed a bulbous enlarge- 
ment at one end (fig. 8), or were appar- 
ently terminated by a densely outlined 
body, resembling in size and shape the 
outer capsule of the particles (fig. 7). Oc- 
easionally, branching forms of uniform 
width could also be observed (fig. 7). 

The intranuclear particles varied appre- 
ciably in size and morphological properties. 
The small forms were moderately dense, 
homogenous, and of 35 to 40 my» in dia- 
meter. Most of them occurred in small 
clusters in proximity to the nuclear mem- 
brane (fig. 6). The large particles measured 
80 to 100 mp and were often found at the 
periphery of the nucleus (fig. 5, 6). Their 
internal structure, however, was more com- 
plex and consisted of a dense or ringlike 
core, 60 mp in diameter, and an outer zone 
of lesser density delimited by a very thin 
membrane (fig. 5). 

Infectivity Experiment.—Only mild signs 
of respiratory distress were observed in the 
chickens inoculated with a suspension of 
the affected chorioallantoic membranes. The 
lesions found on postmortem examination 
were confined to the trachea and consisted 
of a patchy hyperemia of the mucous mem- 
brane. The extract prepared from the tra- 
cheas of these birds and inoculated on 
the chorioallantoic membrane of nine-day 
chicken embryos produced a marked reac- 
tion in the form of large plaques. On his- 
topathological examination, the involved 
areas showed inflammatory and hyperplas- 
tic changes, accompanied by the appearance 
of intranuclear inclusion bodies in entoder- 
mal cells. These alterations were character- 
istic of avian infectious laryngotracheitis. 


Discussion 


The particles described in this report are 
considered to represent the virus of avian 
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Fig. 4—Electron micrograph of entodermal cell with one large and few small aggregates of 
virus particles. No virus is visible in the nucleus (N). Cytoplasm (C) shows numerous, 


small 


x 13,500. 


and irregularly outlined vacuoles (V) representing degenerative changes. 
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Fig. 5—Intranuclear cluster of virus particles displaying a dense core and a thin outer mem- 
brane. N= nucleus; C=cytoplasm. x 60,000. 
Fig. 6—Intranuclear cluster of small particles presumed to be of viral nature. Larger forms 
of virus (arrow), similar to those depicted in figure 5, are also present in proximity to nuclear 
membrane. Two encapsulated particles are shown in cytoplasm (C). N= nucleus; A = artifact. 
x 60,000. 
Fig. 7-9—Tubular profiles are seen scattered among viral particles in cytoplasmic aggregate. 
Some of the tubules are branching (fig. 7; arrow), enlarged at one end (fig. 8; arrow-1), or 
quite long (fig. 9). The small, densely outlined, ovoid structure shown in figure 8 (arrow-2) 
apparently represents tubule on cross section. x 45,000. 
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infectious laryngotracheitis because of: (1) 
their presence only in the infected mem- 
branes, (2) consistency of their internal 
structure, and (3) morphological similarity 
to some of the viruses, particularly those 
of the herpes group ‘15-74 and varicella. 7% 
The viral nature of the particles studied is 
further substantiated by the results of in- 
fectivity tests which demonstrated the pres- 
ence of the Lr agent in the membranes 
under investigation. 

The structure of the cytoplasmic forms 
of the laryngotracheitis virus closely resem- 
bles that of the herpes simplex,'*:'* herpes 
B,*4 and varicella.2* All of these viruses, 
although somewhat smaller than the LT par- 
ticles, display a dense core, a mid-zone of 
lesser density, and an outer, double mem- 
brane or a capsule. A degree of dimensional 
and structural similarity is exhibited also 
by the intranuclear forms, the larger of 
which reveals a dense core bounded by a 
zone of lesser density and a single, delimit- 
ing membrane. The intranuclear particles 
of the herpes simplex and varicella have 
been shown to represent an early stage in 
the multiplication of virus. From analogy 
of the structure, it would seem likely that 
the same situation may exist in respect to 
the laryngotracheitis virus particles. 

Of considerable interest is the appearance 
of fine, smooth-surfaced tubules within the 
cytoplasmic aggregates of the Lr virus. 
Such tubules were observed in only a small 
proportion of affected cells and, as shown 
(fig. 7, 8, 9), were often associated with the 
capsule of viral particles. In some morpho- 
logical aspects, these structures are remi- 
niscent of the smooth-surfaced elements of 
the endoplasmic reticulum *°:*! and partic- 
ularly of the membranous profiles of the 
Golgi complex.® 1°: 2? 

Although the origin of the tubules is at 
present unknown, it seems entirely possible 
that, under conditions of cellular degenera- 
tion induced by virus, a disorganization of 
the Golgi system could result in the appear- 
ance of the morphologically similar strue- 
tures. In this connection, it is of interest 
that both the Golgi complex *:* 14:75 and the 
aggregates of virus, in which the tubules 
are found, give in many instances a positive 
PAS reaction. 

Close relationship of virus particles with 
tubular or filamentous, intracytoplasmic 
structures has been previously reported. 
Bernhard et al.* observed thin lamellar pro- 
files, arranged in parallel fashion, in as- 


sociation with particles of virus in Shope 
fibroma and tentatively interpreted them as 
by-products of virus metabolism. Smooth- 
surfaced tubules scattered among densely 
packed particles of presumably viral char- 
acter were found by Selby et al.** in areas 
corresponding to Golgi zones of Ehrlich 
ascites tumor cells. Friedlaender et al.’ 
showed, in their studies on the growth of 
Anopheles A virus in tumor cells, that viral 
particles were harbored and _ evidently 
propagated within the rough-surfaced ele- 
ments of the endoplasmic reticulum. Re- 
cently, Faweett '' demonstrated dense, 25- 
mp thick filaments and occasional tubular 
profiles in close relationship to virus parti- 
cles of Lucké renal adenocarcinoma. 

At present, no satisfactory interpretation 
ean be offered concerning the origin and 
significance of the tubular structures de- 
scribed in this report. Further studies, 
now in progress, should provide more in- 
formation on the origin of the tubules and 
on the development of the laryngotracheitis 
virus. 


SUMMARY 


The structure of the virus of avian infec- 
tious laryngotracheitis was studied in see- 
tions of the chorioallantoic membranes of 
chicken embryos. Five days after inocula- 
tion of nine-day embryonating chicken eggs, 
the membranes were harvested, fixed in 
osmium tetroxide buffered at a pH of 
7.6 and, following dehydration in ethyl 
aleohol of graded dilutions, embedded in 
methacrylate. 

Viral particles were seen most commonly 
in the cytoplasm and rarely within the nu- 
clei of entodermal cells. The intracyto- 
plasmic forms ranged from 150 to 240 mp 
in diameter and displayed an opaque core 
measuring 50 to 80 mp, a mid-zone of lesser 
density, and an outer capsule, 25 to 50 mp 
thick. The intranuclear particles of virus 
varied in size from 30 to 40 and from 80 to 
100 mp» in diameter, with only the larger 
forms possessing an outer coat delineated 
by a very thin membrane. Occasionally, 
slender and sometimes branching tubules 
occurred among the viral particles of cyto- 
plasmic aggregates. A number of such tu- 
bules appeared to be closely associated 
with the capsules of virus. 
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Newcastle Disease Virus in the Aqueous Humor of Chickens 


A. H. DARDIRI, D.V.M., Ph.D.; V. J. YATES, D.V.M.; P. W. CHANG, D.V.M.; 
D. E. FRY, B.A. 


Kingston, Rhode Island 


CuaRK et al.* reported the use of the aque- 
ous humor from eyes of chickens in the 
incipient stages of Newcastle disease (ND) 
as a source of antigen for hemagglutination 
(HA) testing. They indicate that the virus 
exists in this fluid before the blood serum 
inhibits the Ha reaction. From further 
studies with birds that did not show signs 
of nD, these authors ‘* concluded that the 
aqueous humor is a reservoir for Newcastle 
disease virus (NDV) in a large percentage 
of chickens in southern California. 

The purpose of this study was to deter- 
mine whether Npv could be isolated from 
chickens experimentally vaccinated and 
challenged and if Npv could be isolated from 
chickens with clinical and subclinical field 
cases. 


MATERIALS AND METHODS 


A total of 127 Rhode Island Red chickens, 18 
to 20 weeks old, from the University of Rhode 
Island poultry flock, was used in this trial. Ten 
of the birds which were neither vaccinated nor 
challenged served as controls (table 1). The rest 


TABLE 1—Results of Tests of the Aqueous Humor 
of Newcastle Disease-Vaccinated Birds Following 
Challenge 


Time from 
challenge to 


Age at collection of 

No. challenge samples Virus HI titer 
birds (weeks) (weeks) isolation of samples 
46 18 3 0 
37 20 3 0 

5 Controls 0 
34 22 3 oun 8-64 

5 Controls 0 


HI = hemagglutination inhibition; ...— neither virus 
isolation or HI testing was carried out. 


were given one or two doses of various types of 
killed and live ND vaccine when 2 to 6 weeks old. 
At 18, 20, or 22 weeks of age, the immunity of 
each experimental chicken was challenged with 
2.5 X 10° e.l.d.co, intratracheally, of the BG strain 
of npv.* 

Three weeks after the immunity of the vacci- 
nated birds had been challenged, all were killed. 

Contribution No. 946, from the Department of Animal 


Pathology, Agricultural Experimental Station, University 
of Rhode Island, Kingston. 


The aqueous humor was collected from both eyes of 
each bird and pooled. The method of collection 
was that described by Clark et al.2 The specimens 
were frozen immediately and stored at —20C. until 
tested. Before inoculation, the samples of aqueous 
humor were mixed with 100 mg. of streptomycin 
per milliliter, and were left at room temperature 
for 15 minutes. Specimens from 88 chickens, includ- 
ing 5 controls, were inoculated into 10-day-old 
chicken embryos in groups of 5. Each embryo was 
given 0.15 ml. of the fluid mixture in the chorio- 
allantoic chamber. The eggs were candled twice 
daily during incubation until hatching time. 

Thirty-nine samples, including five from the con- 
trol birds (table 1), were tested for hemagglutina- 
tion-inhibition (HI) antibodies. The serums were 
diluted 1:4, 1:8, 1:16, 1:32, 1:64 and 1:128 for 
beta HI procedure. 

Virus isolations also were attempted from aque- 
ous humors of 18 groups of chickens. These were 
birds with field cases which were submitted to the 
laboratory for diagnosis. Of these birds, those in 
five groups showed respiratory or nervous signs, or 
both. Birds in two groups showed only nervous 
signs. The rest of the chickens did not show signs 
of ND, but had been vaccinated for the disease. 


RESULTS 


As indicated (table 1), the attempts to 
isolate Npv from 83 vaccinated and chal- 
lenged birds, as well as from 5 control birds, 
were unsuccesful. The Hi test conducted on 
the aqueous humor samples from the re- 
maining 34 vaccinated chickens showed HI 
titers of 8 to 64. The samples from the 5 
control birds were negative. 

Of the chickens that were submitted to 
the laboratory for diagnosis, NDV was iso- 
lated from the aqueous humors of birds in 
five groups that were showing respiratory 
or nervous signs, or both (table 2). The 
virus was not recovered from birds in the 
two groups showing nervous signs only. 
The virus also was not isolated from the 11 
groups which had been vaccinated and that 
did not show nervous or respiratory signs. 


Discussion 


Clark et al.* tested the aqueous humors 
of 234 groups of chickens vaccinated with 
different types of Np vaccines; 191 groups 
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TABLE 2—Histories of Birds with Field Cases and Results of Virus Isolations from Aqueous 


Humors 
Approximate 
No. birds time of Newcastle Newcastle 
with examination disease disease 
field No. birds after onset of vaccination virus 
cases examined Clinical signs disease history isolation : 
5 17 Nervous, respira- 5 days No Yes 
tory or both 
2 11 Nervous signs only 10-14 days No No 
11 42 Me Yes No 


tory signs 


were HI positive. They also reported the 
isolation of the virus from the aqueous 
humors of 111 of 127 groups of chickens, 
whose histories and signs were not sugges- 
tive of Np. 

Zuijdam* found that flocks of chickens 
partially immune as a result of vaccination 
with a killed or live Np vaccine excreted 
the virus for 33 and 19 days after chal- 
lenge with virulent virus. He also stated 
that the virus was not shed wher birds were 
vaccinated with two other live Np vaccines 
and subsequently challenged. 

In the experiments, it was not possible 
to isolate npv from the aqueous humors of 
birds vaccinated with live or killed vaccines 
or both when 2 to 6 weeks old and chal- 
lenged intratracheally when 18 to 22 weeks 
old. However, 1 antibodies were demon- 
strated in the aqueous humors of vaccinated 
chickens that survived challenge. 

Neweastle disease virus has been shown 
by Karzan and Bang ® to be present in the 
tracheal exudate, brain, spleen, blood, and 
lungs. Sinha et al.® also isolated it from the 
muscles during the early stages of the dis- 
ease. Much difficulty may be experienced in 
demonstrating the virus in tissues of birds 
with cases of a few days’ duration, accord- 
ing to Beach. 

In this trial, Npv was isolated from the 
aqueous humor of the eyes, as well as from 
the tracheal fluids, of the birds that were 
showing respiratory and nervous signs. It 
was not isolated from birds that were show- 
ing nervous signs only. 

It is to be expected that, at some time 
during the appearance of clinical signs, 
Npv would be circulating in the body of the 
chicken and may be found in the aqueous 
humor. Further investigation is needed to 
determine the persistence of the virus in 
the aqueous humor of convalescent and im- 
mune birds. 


Under the conditions of this experiment, 
it appears that the aqueous humor is not 
a reservoir for nov. If the virus persists 
in some organ of the chicken without clini- 
cal signs being manifested, the problem of 
determining how widely the disease is dis- 
tributed becomes difficult, since a successful 
program of control and eradication of the 
disease should take the carrier bird, if any, 
into consideration. 


SUMMARY 


1) Attempts to isolate Newcastle disease 
virus from the aqueous humors of 127 vacci- 
nated birds that survived challenge failed; 
however, hemagglutination-inhibition anti- 
bodies were present in the 34 birds tested. 

2) Neweastle disease virus was isolated 
from the tracheas and aqueous humors of 
naturally infected chickens showing respir- 
atory signs of Newcastle disease. 

3) The aqueous humor of chickens was 
not shown to be a reservoir for Newcastle 
disease virus. 
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The Response of the Developing Chicken Embryo to 
Certain Avian Pathogens 


D. ROY CASORSO, M.S.A., D.V.M., V.S., 
and ERWIN L. JUNGHERR, Vet. Dipl., D.M.V. 


Storrs, Connecticut 


THE EARLY worK of Woodruff and Good- 
pasture ** initiated widespread use of 
chicken embryos for the cultivation of path- 
ogens. The gross pathology, embryo mortal- 
ity, and the condition of the extrafetal 
membranes of experimentally infected em- 
bryos have been reported extensively ; how- 
ever, there is a paucity of histopathological 
studies. Microscopic studies of embryos in- 
fected with rabies poliomyelitis 
virus,***5 infectious bronchitis virus,”* and 
avian pleuropneumonia-like organisms 
(pPLO) ?:3! have been made. The present in- 
vestigation is concerned with the pathologi- 
eal response of the embryo to avian enceph- 
alomyelitis (AE) virus, infectious synovitis 
virus, avian infectious hepatitis (arm) 
agent, avian pleuropneumonia-like organ- 
ism, Neweastle disease (ND) virus, and in- 
fectious bronchitis (1B) virus. 


MATERIALS AND METHODS 


In studies of AE, the inoculum consisted of 
ground brain, prepared by the method of Feibel 
et al.,° from Ak-infected chicks. All other inocu- 
lums consisted of yolk material harvested from 
infected embryos. One tenth milliliter of the first 
tenfold serial dilution was inoculated into embryos. 
The broth-cultivated PPLO strains were used un- 
diluted in the form of 24-hour agifated Bacto PPLo 
Broth* cultures, without crystal violet, but en- 
riched with 1 per cent ppLO Serum Fraction.* All 
control embryos were inoculated with 0.1 ml. of 
the diluent. The Arm agent was inoculated into 
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the amnioallantoic cavity of 10-day embryos, and 
other agents were inoculated into the yolk sae of 
6- to 7-day embryos. A PpPLOo-negative flock sup- 
plied the 2,500 embryonating eggs of uniform size 
employed in this study. 

At postinoculation (PI) day 2 to 3 and con- 
tinuing to incubation day 18 to 19, 1 to 3 infected 
live embryos and an equal number of diluent- 
inoculated control embryos were removed daily 
for examination. The embryos were thoroughly 
exsanguinated by severing the umbilical vessels 
or by decapitation. Embryos were weighed, and 
gross external and internal changes recorded, if 
present. The embryos were fixed in Bouin’s solu- 
tion. After fixation, eight cross-sectional levels 
through the embryo and one longitudinal section 
through the thigh were made. The blocks were em- 
bedded in paraffin and sectioned at 10 uw. Sections 
were routinely stained with Harris’ hematoxylin 
and aqueous eosin. Special staining techniques 
were employed where indicated. 


RESULTS 
AVIAN ENCEPHALOMYELITIS 


Gross Observations —Beginning on PI 
day 8 (incubation day 15) and continuing 
to the end of the observation period, all in- 
fected embryos were inactive, reduced in 
size, and had stiff limbs with twisted and 
abnormally placed toes. Muscle atrophy 
was severe and undoubtedly contributed 
to the statistically significant weight dif- 
ference between infected and control em- 
bryos. At pr day 13 (incubation day 20), 
the infected embryos weighed an average 
of 12.68 Gm. each as opposed to 22.08 Gm. 
for the controls. Cross sections of brains in 
the terminal ineubation period revealed a 
severe internal hydrocephalus (fig. 1, 2). 
Although -extensive gross and microscopic 
changes developed by the second trimester 
of incubation, no embryos died before incu- 
bation day 19. 

Microscopic Observations.—Spinal Cord. 
—The first lesion produced was observed at 
pr day 5 (incubation day 12) in the large 
ventral motor neurons of the ventral horn. 
The cells became swollen and vacuolated, 
showing peripheral displacement of the 
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Fig. 1—Cross section of brain of 18-day-old con- 
trol embryo injected with diluent. H & E stain; 
x 4. 


Fig. 2—Cross section of brain of 18-day-old em- 

bryo infected with avian encephalomyelitis. There 

is hydrocephalus and decrease in nervous tissue. 
H & E stain; x 4. 


nucleus or axonal reaction. With further 
incubation, the degeneration extended to 
the dorsal horn. The damaged neurons dis- 
appeared rapidly but without inciting an 
inflammatory response. Thus, at pI day 7 
(ineubation day 14) the size of the cord 
was markedly reduced, the space ordinarily 
occupied by the spinel cord being devoid 
of tissue other than fibrous tags passing 
from the meninges to the atrophied cord 
(fig. 3, 4). 

The meninges appeared slightly edema- 
tous and the subarachnoid space distended 
with fluid. From pi day 11 to 13 (incuba- 
tion day 18 to 20), the cord changes be- 
eame profound; little functional spinal 
cord persisted. The ependymal cells ap- 
peared normal at all times. 

Dorsal Ganglia.—At Pi day 6 (incubation 
day 13), the dorsal ganglia of infected 
embryos showed numerous hyperchromatie 
neurons with pyknotic or karyorrhectic nu- 
clei. With additional incubation, these 
changes were accompanied by scattered in- 
filtration of heterophils. In the terminal 
incubation period, the ganglia consisted of 
a few neurons and of fibrous tissue, thus 
reflecting the changes which occurred in 
the spinal cord. The closely associated 
sympathetic ganglia were not involved. 

Brain.—The first changes in the brain 
were noted at pi day 7 (incubation day 14). 
The lesions were essentially those occurring 
earlier in the cord. They differed in that 
both diffuse and occasionally circumscribed 


Fig. 3—Cross section of cervical cord of 14-day-old control embryo injected with diluent. 
H & E stain; x 34. 


Fig. 4—Cross section of cervical cord of 14-day-old embryo infected with avian encephalomyeli- 
tis, There is dilatation of pia-arachnoid space and atrophy of cord. H & E stain. 
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heterophilic infiltrations occurred. Neuro- 
nophagia, gliosis, and satellitosis were not 
prominent features. There was no evidence 
of ischemic necrosis, glial damage, demye- 
lination, or ependymal injury. In later 
stages of development, areas of encephalo- 
malacia occurred in the midbrain and cere- 
brum. At pr day 12 to 13 (incubation day 
19 to 20), the cerebral hemispheres, optic 
lobes, and medulla oblongata were reduced 
to mere shells, consisting of glial cells and 
small neurons, thus substantiating the gross 
observation of a severe internal hydro- 
cephalus. 

Skeletal Musculature.—It was difficult to 
evaluate changes in embryonic skeletal 
muscle at incubation day 11 to 13 because 
nuclei were numerous, fiber formation was 
just commencing,'* and degenerative 
changes (a normal developmental phenom- 
enon)!!! were present, accompanied by 
actively dividing cells. At incubation day 
18 to 20, the muscle changes were so pro- 
nounced that no doubt existed as to their 
pathological nature. Thus it remained to 
evaluate early changes and to determine 
their onset. At pr day 5 (incubation day 
12), a few bundles were swollen and ex- 
hibited pyknotiec, centrally located nuclei 
and hyperchromatie peripheral myofibril- 
lae. The myopathy progressed rapidly so 
that, terminally, there was little functional 
skeletal muscle present in the body. The 
muscle remnants consisted of ill-defined 
shrunken bundles with pyknotic nuclei and 
short, indistinct fibers surrounded by edem- 
atous connective tissue. 

Articulations—Bones appeared to un- 
dergo normal chondrification and ossifica- 
tion. By the final trimester of incubation, 
the femorotibial articulation was fre- 
quently fused by a dense connective tissue. 
Other articulations were not examined. 

Pathogenesis.—Avian encephalomyelitis 
virus elicited responses in the chicken em- 
bryo 7° similar to those described by Love 
and Roca-Garcia***> for poliomyelitis vi- 
rus. Both acted upon the large motor 
neurons of the ventral horns. The ak virus 
varied in that it caused a much more 
advaneed condition, deleting the ventral 
horns and white matter and reducing the 
dorsal horns; in the brain, it produced an 
encephalomalacia accompanied by a hydro- 
cephalus. Poliomyelitis virus did not elicit 
a heterophilic reaction in the brain as did 
the ak virus. The myopathy of ar-infected 
embryos was much more profound than in 


polio-infected embryos. Love and Roca- 
Garcia reported that the poliomyelitis 
virus introduced into the yolk sac multi- 
plied there and initiated a viremia. From 
the blood, the virus entered directly into 
the nervous system at widely scattered 
points where it multiplied and produced 
lesions. 

In experimental embryology employing 
limb bud techniques,'* the differentiation 
and development of the skeletal muscles 
was found dependent upon the degree of 
innervation of the limb. If it was not in- 
nervated, the musculature was markedly 
impaired and degeneration and atrophy oc- 
eurred. In consequence, the dorsal ganglia, 
the size of which varied with the peripheral 
muscle load, became degenerated and atro- 
phied. It remains to be verified that a simi- 
lar pathogenesis occurs in AE-infected em- 
bryos. However, the order of appearance 
of lesions would suggest that the virus at- 
tacked the central nervous system and ini- 
tiated secondary muscular dystrophy and 
dorsal ganglionic atrophy. The inactivity 
of limbs would eontribute to the ankylosis, 
similar to that occurring in nerveless limb 
transplants.'® 

The embryonic response to aE virus 
varied intrinsically from that in post- 
embryonic life. In the latter, az is char- 
acterized by proliferative rather than 
degenerative changes. Neurogliar and lym- 
phocytic infiltrations occur around the ecap- 
illaries of the brain and lymphocytic 
follicles are found in certain viscera.’® 


INFECTIOUS SYNOVITIS 


Gross Observations.—Infected embryos 
were smaller in size than control embryos, 
averaging 8.7 Gm. as opposed to 13.7 Gm. 
at pt day 8 (inoculation day 15). In no 
instance was arthritis, tendovaginitis or 
bursitis observed in infected embryos. 
Hepatomegalia and distinct splenomegaly 
occurred. 

Microscopic Observations.—Liver.—At P1 
day 5 (incubation day 12), short cords and 
clumps of hyperchromatic cells occurred 
free in or abutted the hepatic sinusoids. The 
cells had dark round or oval nuclei, 
slightly smaller than the adjacent hepatic 
cord cell nuclei, and were surrounded by a 
small amount of granular cytoplasm. The 
nuclei stained much darker than the he- 
patie cord cell nuclei and did not have the 
prominent nucleoli of the latter. Some of 
the nuclei were elongated and positioned 
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along the sinusoidal wall, thus resembling 
Kupffer’s cells and suggesting free cells 
originating from the vascular endothelium 
of the sinusoids. Mitotie figures were fre- 
quent (fig. 5-8). At pr day 9 (incubation 
day 16) and continuing throughout the 
observation period, similar cells occurred 
around the hepatic blood vessels and _ be- 
neath Glisson’s membrane. These cells were 
numerous and formed characteristic dark 
eufts about the portal and central vessels 
(fig. 9). When stained with Wilder’s re- 
ticulum stain, the hyperchromatic cells 
were found associated with numerous re- 
ticular fibers.15 Trypan blue, when injected 
into the air sacs of embryonating eggs, 
using the method of Hanan,'® was readily 
phagocytized by the hyperplastic cells. 
These results indicated that the hyper- 
plastic cells were reticulocytes. 

Blood Vessels of Other Organs and Tis- 
sues.—Though most prominent in the liver, 
reticular cells occurred with less frequency 
around the blood vessels supplying the 
mesentery, gizzard, skeletal muscles, and 
leptomeninges. In all instances, the reticu- 
lar cells were associated with medium- 
sized to small blood vessels. 

Spleen.—It was difficult to assess changes 
in the spleen; however, it was apparent 
that the red pulp was composed predomi- 
nantly of myeloid cells. There was no in- 
crease in reticular fibers nor was trypan 
blue phagocytized. 

The described lesion was produced by six 
different strains of synovitis virus studied. 

Pathogenesis —Sugiyama* reported that 
in chicken embryos, extravascular phago- 
eytes arose from the mesenchyma as early 
as incubation day 2 and that basophilic 
leukocytes first occurred at incubation day 
14; typical lymphocytes and eosinophils 
did not appear until the terminal incuba- 
tion period. Sabin ** showed that phago- 


eytes could arise intravascularly from the 
endothelial cells of blood vessels even in 
postembryoniec life. They could also arise 
extravascularly from mesenchymal cells en- 
closing and surrounding the adventitia of 
blood vessels in embryos. Mesenchymal cells 
have the potential of forming adventitial 
cells of blood vessels, histiocytes, and mye- 
loblasts.2-* Morphology, location, special 
staining, and the ability to phagocytize 
trypan blue indicated that the hyperplastic 
eells were reticular cells derived from the 
vascular endothelium and mesenchyma sur- 
rounding the blood vessels. 

The splenomegaly occurring in infected 
embryos was difficult to interpret. By graft- 
ing adult splenic tissue on the allantois of 
developing embryos, Danchakoff** pro- 
duced splenomegaly thought to be the re- 
sult of mesenchymal cells becoming granu- 
lopoietic and converting the spleen into a 
mass of myeloid cells. It is possible that a 
similar transformation occurred in synovi- 
tis-infected embryos since, aside from mye- 
loid cells, no abnormal cell type was 
recognized. 

The embryo’s response to infectious syno- 
vitis virus resembles that in the adult. 
Sevoain et al.**-?® reported that the livers 
of infected chickens showed perivascular, 
periportal, and intraparenchymal cellular 
hyperplasia. The nature of the hyperplastic 
cells was verified by reticular stains but not 
by examination for phagocytic properties. 
Because of their morphology, location, and 
mitotie activity, these cells were also in- 
terpreted as reticular endothelial cells. 


AVIAN INFECTIOUS HEPATITIS 


Gross Observations.—The weights of in- 
fected embryos did not vary from those of 
the controls. The livers were frequently of 
an intense green color and showed numer- 
ous small creamy areas on their surfaces. 


Legends for Illustrations on Opposite Page 


Fig. 5—Cross section at lumbar level of 16-day-old control embryo, injected with diluent: 


F). H & E stain; x 8. 


liver (A), duodenum (B), mesonephros (C), metanephros (D), spinal cord (E) and spleen 
( 


Fig. 6—Cross section of 16-day-old embryo infected with synovitis. There is hepatomegalia 
and splenomegaly. Lettering as in figure 5. H & E stain; x 8. 


Fig. 7—Liver of 12-day-old control embryo injected with diluent. Hepatic cord cells and 
sinusoids are normal. H & E stain; x 730. 


Fig. 8—Liver of 12-day-old embryo infected with synovitis. There are numerous reticular cells 
free in sinusoids. H & E stain; x 730. 
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Microscopic Observations.—A distinct fo- 
eal necrosis was characteristic of the livers 
of infected embryos after p1 day 6 (incuba- 
tion day 16). The cord architecture was 
disrupted in circumscribed areas, and nor- 
mal hepatie cells were’replaced by necrotic, 
haphazardly located cells and by cellular de- 
bris (fig. 10, 11). Also characteristic were 
numerous proliferated bile ducts, bile stasis, 
and occasional areas of scar tissue. Indi- 
vidual hepatic cord cells were swollen and 
their cytoplasms were pale. Occasionally, 
a hepatic cord cell would appear dark and 
homogenous, standing out in sharp contrast 
to the surrounding cells. Heterophils oc- 
curred diffusely in the parenchyma. 

The portal vessels were frequently sur- 
rounded by large, actively dividing cells 
which were, on occasion, arranged in short 
cords that blended with the hepatic cords. 
The nucleus of the proliferating cell was 
vesicular, round, and usually exhibited a 
large nucleolus. The scant cytoplasm had a 
mauve tinge; thus, not only the nucleus, 
but the cytoplasm, was more hyperchro- 
matic than the adjacent hepatic cord cells 
(fig. 12). The use of modified Forsgren’s 1° 
bile duct-staining technique brought out 
the similarity of the liver cord cells to the 
hyperplastic cells, in that the nucleoli of 
the periportal cells and the hepatic cells 
stained with equal intensity. 

Foeal necrosis, bile duct proliferation, 
bile stasis, and liver cord cell hyperplasia 
about the portal vessels were produced by 
six strains of arH agent when inoculated 
into developing chicken embryos. 

Pathogenesis—The agent of AIH ap- 
peared to have a specific necrotizing action 
upon the hepatic parenchyma. Such necro- 
sis interfered with the hepatic metabolism, 
resulting in bile stasis and bile duct pro- 
liferation. The arrangement of the peri- 
portal cells into short cords blending with 


the hepatic cords, and the similarity of the 
nuclei and nucleoli of the periportal cells 
and hepatic cord cells, suggested that these 
elements were young multiplying liver 
cord cells. 

The response of the chicken embryo to 
the arn agent resembled that occurring in 
postembryonal infections.”® 


AVIAN PLEUROPNEUMONIA-LIKE ORGANISM 


Observations.—Liver.—No gross altera- 
tions were observed. The earliest micro- 
scopic lesion in infected embryos consisted 
of cellular proliferation in the adventitia 
of the hepatic vessels at p1 day 6 (incuba- 
tion day 13). The hyperplastic cells had 
nuclei varying from oval to indented, horse- 
shoe-shaped or completely bilobed forms 
joined by a fine filament. The granules were 
so minute that their shape could not be 
determined in fixed sections. Because typi- 
eal eosinophils were said to occur only 
terminally in the incubation period,*° it 
was concluded that these cells were imma- 
ture heterophils. Nuclear morphology dif- 
ferentiated the cells from myelocytes. With 
continued incubation, the heterophils in- 
creased in number and maturity, forming 
irregular aggregates about the vessels (fig. 
12). 

Other Organs and Tissues.—The hetero- 
philic perivasculitis was most pronounced 
in the liver but occurred also in the gizzard 
musculature, the serosa and, to a lesser 
degree, in the skeletal muscles and loose 
connective tissue throughout the body. 
The mesentery of infected embryos was 
markedly thickened by a massive hetero- 
philic infiltration apparently related to 
blood vessels. At P1 day 10 to 11 (incubation 
day 17 to 18), periarteritis developed in 
the lungs (fig. 13, 14). In sharp contrast 
to the mature heterophils occurring around 
the hepatic vessels at this age, the cells sur- 


Legends for Illustrations on Opposite Page 


Fig. 9—Liver of 15-day-old embryo infected with synovitis. There is hyperplasia of reticular 

cells around the blood vessels and beneath Glisson’s capsule. In the black and white photo, 

these cells appear similar to the heterophils in figure 12. They are recognizable under the 

microscope by their lack of cytoplasmic eosinophilic granules and other features. H & E stain; 
x 38, 


Fig. 10—Liver of 16-day-old embryo infected with infectious hepatitis. There is focal necrosis. 
H & E stain; x 150. 


Fig. 11—Liver of 16-day-old embryo infected with infectious hepatitis. The portal vein (center) 
is surrounded by proliferated hepatic cord cells. H & E stain; x 150. 
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rounding the arteries of the lung were im- 
mature. No other alterations were observed 
in the lung. 

The characteristic heterophilic perivas- 
culitis was produced by ten of 13 strains 
studied. Included in the ten strains were 
chicken red blood eell-agglutinating and 
nonagglutinating strains that produced 
either rough or smooth colonies on solid 
mediums. The strains producing rough 
colonies induced a more intense perivascu- 
litis than those producing smooth colonies. 
One strain producing perivasculitis had 
undergone 540 successive broth passages. 

Pathogenesis——The sole lesion produced 
by avian PPLO in this study was an exten- 
sive heterophilic perivasculitis around the 
small and medium-sized blood vessels, es- 
pecially those of the liver. These findings 
are in sharp contrast to the reports of other 
workers who described a variety of micro- 
scopic changes in the chicken embryo.” *! 
Such variation may possibly be ascribed to 
the study of dead or chill-killed embryos 
in the earlier studies. Dead embryos have 
been found to undergo autolysis, become 
edematous and hemorrhagic as a result of 
imbibition or agonal diapedesis. The ac- 
cumulation of blood cells produces a highly 
cellular state that may mask or simulate 
pathological changes and increase the al- 
ready high cellular state of the embryo. 

While avain ppeLo has a predilection for 
the respiratory tract in the adult,®** such 
proclivity was not characteristic in embryos 
in this study. Van Roekel et al.*! indicated 
that microscopic lesions in the respiratory 
tract developed in the terminal incubation 
period (incubation day 20.9). In the pres- 
ent investigation, avian PPLO elicited a spe- 
cific periarteritis in the lungs at incubation 
days 17 and 18, which period was thought 
to coincide with the normal development of 
arterial vascularization of this organ.?? 


NEWCASTLE DISEASE VIRUS AND INFECTIOUS 
BRONCHITIS VIRUS 


Observations.—No consistent pathological 
lesions were produced by either ND or IB 
viruses. A characteristic high mortality oc- 
curred in several trials. A small percentage 
of the embryos inoculated with 1 virus 
were slightly dwarfed and curled but other- 
wise normal. It would appear that an acute 
generalized infection assaulted the em- 
bryos, resulting in death prior to the de- 
velopment of characteristic or diagnostic le- 
sions. Loomis et al.*° described extensive 
changes in chicken embryos infected with 
1B virus. In the latter embryos, perivascu- 
lar granulocytes occurred in the liver with 
necrosis of entire lobes; the lungs were 
pneumonie and the kidneys showed inter- 
stitial nephritis. 


SUMMARY AND CONCLUSIONS 


The investigations pointed to the value of 
histopathological examination of infected 
embryos in the study of specific pathogens. 
Such studies may provide an insight into 
the pathogenesis of the agent, extend avail- 
able diagnostic aids, and should be a valu- 
able adjunct to established research 
methods. 

By employing uniform methods and ex- 
sanguinating viable infected embryos, there 
was accomplished the identification of the 
principal organ or tissue attacked and the 
characteristic and pathognomonic lesion 
thus produced by four different avian path- 
ogens (table 1). 

Embryos infected with avian encephalo- 
myelitis virus were grossly atrophied with 
an obvious reduction of skeletal muscula- 
ture. The limbs were stiff and abnormally 
placed. A severe internal hydrocephalus oc- 
curred in the terminal stages of incubation. 
Specific histological lesions were observed 
in the nerve tissue of all infected embryos 


Legends for Illustrations on Opposite Page 


Fig. 12—Liver of 12-day-old embryo infected with avian PPLO. Many blood vessels are sur- 


rounded by heterophil aggregates. 


In the black and white photo, these cells appear similar 


to the reticular cells in figure 9. They are recognizable under the microscope by their small 
cytoplasmic eosinophilic granules, not rod-shaped as in postembryonic life. H & E stain; x 38. 


Fig. 13—Lung of 18-day-old control embryo injected with diluent. Tertiary bronchi (A) and 
interstitial arterioles (B) are normal. H & E stain; x 145. 


Fig. 14—Lung of 18-day-old embryo infected with avian PPLO. Tertiary bronchus is normal 
but interstitial arterioles are surrounded by heterophils. Lettering as in figure 13. H & E 
stair; x 145. 
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TABLE 1—Principal Comparative Pathology of Avian Encephalomyelitis, Infectious Synovitis, 
Avian Infectious Hepatitis, and Pleuropneumonia-Like Organism Infections in the Developing 
Chicken Embryo 


Pathogen 


Microscopic lesions AE* 


Synovitist AIH** PPLO 


Hydrocephalus 
Muscular dystrophy 
Neuronal degeneration 
Spinal cord 
Dorsal ganglia 
Brain ++ 
Ankylosis 
Reticular cell hyperplasia 
Liver 
Gizzard 
Skeletal muscle 
Hepatic necrosis 
Liver cord cell regeneration 
Bile duct proliferation 
Bile stasis 
Hepatic heterophil infiltration 
Heterophilic perivasculitis 
Liver 
Mesentery 
Gizzard 
Skeletal muscles 
Loose connective tissue 
Lung (terminally) 


+ Estimated intensity of extent of lesions; * grossly inactive with muscular atrophy; + gross spleno- 


megaly and hepatomegaly; ** livers green with creamy spots. 


between postinoculation days 5 and 13. 
Neuronal degeneration was most conspicu- 
ous in the ventral horns of the spinal cord 
but extended to include all areas. Termi- 
nally, little or no functional nerve tissue 
remained in the spinal cord or brain. The 
inflammatory response in infected embryos 
was minimal and was limited to the brain 
and dorsal ganglia. Ankylosis of the fem- 
orotibial articulation occurred. The sym- 
pathetic nervous system, ependymal cells, 
and eyes failed to show changes. 

Infectious synovitis virus caused hyper- 
plasia of reticular cells around the blood 
vessels of the liver, gizzard, and skeletal 
muscles. The reticular cells were identified 
by cellular morphology, location, reaction 
to reticular fiber stains, and phagocytosis of 
trypan blue. No evidence of arthritis, ten- 
dovaginitis or bursitis was observed in 
infected embryos. Splenomegaly occurred. 

Avian infectious hepatitis agent caused 
specific histological lesions consisting of 
focal necrosis with secondary diffuse or 
focal heterophilic infiltration and hepatic 
cell. vacuolation. There was pronounced 
hepatic cord cell regeneration around the 
portal triads. Bile stasis and bile duct pro- 
liferation were extensive. 

Avian pleuropneumonia-like organisms 
produced a heterophilic perivasculitis. 
Strains both with and without the ability 
to agglutinate chicken red blood cells pro- 


duced the pathognomonic perivasculitis. 
Heterophilic perivasculitis was most prom- 
inent around the hepatic blood vessels but 
occurred also around the vessels of the giz- 
zard, mesentery, skeletal muscles, and ves- 
sels permeating loose connective tissue 
throughout the body. Periarteritis in the 
lung developed only terminally in the 
incubation. 

The embryonic response to infectious syn- 
ovitis virus and avian infectious hepatitis 
agent was similar to that of the adult, while 
the response to avian encephalomyelitis and 
avian pleuropneumonia-like organism dif- 
fered from that occurring in postembryonic 
life. 


References 

1 Bardeen, C. R.: The Development of the Musculature 
of the Body Wall in the Pig, Including Its Histogenesis 
and Its Relations to the Myotomes and to the Skeletal and 
Nervous Apparatus. Bull. 9, Johns Hopkins Hosp., 
(1900) : 367—400. 

2 Chute, H. L., and Cole, C. R.: Lesions in Chicken 
Embryos Produced by Pleuropneumonia-Like Organisms 
from Chronic Respiratory Disease of Chickens and Infec- 
tious Sinusitis of Turkeys. Am. J. Vet. Res., 15, (Jan., 
1954) : 108-118. 

8 Danchakoff, V.: The Wandering Cells in the Loose 


Connective Tissue of Birds and Their Origin. Am. J. 
Anat., 20, (1916): 483-492. 
* Danchakoff, V.: Origin of the Blood Cells. Develop- 


ment of the Hematopoietic Organs and Regeneration of 
the Blood Cells from the Standpoint of the Monophyletic 
School. Am. J. Anat., 20, (1916): 397-414. 

5 Danchakoff, V.: The Loose Connective Tissue as a 
Seat of Lymphogranulopoesis. Anat. Rec., 10, (1916): 
192-193. 

® Danchakoff, V.: The Equivalence of Different Hemato- 
poietic Anlages. I. Spleen. Am. J. Anat., 20, (1916): 
255-328. 


XUM 


= 
++++ 
+ 
+444 
+++ 
++ 
++ 
++ 


XUM 


Am. J. VeT. Res. 
May, 1959 


CHICKEN EMBRYO RESPONSE TO AVIAN PATHOGENS 557 


7 Dawson, J. R.: A Study of Chick-Embryo-Adapted 
Rabies Virus. Am. J. Path., 17, (1941): 177-187. 

8 Delaplane, J. P., and Stuart, H. O.: The Propagation 
of a Virus in Embryonating Chicken Eggs Causing a 


Chronic Respiratory Disease in Chickens. Am. J. Vet. 
Res., 4, (Oct., 1943): 325-333. 
® Feibel, F., Helmboldt, OC. F., Jungherr, E. L., and 


Carson, J. R.: Avian Encephalomyelitis—Prevalence, 
Pathogenicity, and Breed Susceptibility. Am. J. Vet. Res., 
13, (April, 1952): 260-266. 


1 Forsgren: Zeitschrift fiir Zellforschung und mikros- 
kopische Anatomie. 6, (1928): 649. [Cited by Gray, 
P.: The Microtomist’s Formulary and Guide. Blakiston 


Co., Philadelphia, p. 423.] 
11Glucksmann, A.: Uber die Bedeutung von Zellvor- 


giingen fiir die Formbildung epithelialer Organe. Ztschr. 
Anat., 93, (1930): 35-93. 
12 Hamburger, V.: Die Entwicklung  experimentell 


erzeugter nervenloser und schwach innervierter Extremi- 
titen von Anuren. Arch. Entwickl.-Mech. Org., 114, 
(1928) : 273-363. 

18 Hamburger, V.: The Development and Innervation 
of Transplanted Limb Primordia of Chick Embryos. J. 
Exptl. Zoél., 80, (1939): 347-389. 

14 Hamburger, V., and Levi-Montalcini, R.: Prolifera- 
tion, the Differentiation and Degeneration in the Spinal 
Ganglia of the Chick Embryo Under Normal and Experi- 
mental Conditions. J. Exptl. Zoél., 111, (1949): 457-— 
502. 

18 Hamburger, V., and Waugh, M.: The Primary De- 
velopment of the Skeleton in Nerveless and Poorly Inner- 
vated Limb Transplants of Chick Embryos. Physiol. 
18, (1940) : 367-380. 

16 Hanan, E. B.: Absorption of Vital Dyes by the Fetal 
Membranes of the Chick. Am. J. Anat., 38, (1927): 
423-450. 

17 Herrmann, H.: Studies of Muscle Development. Ann. 
New York Acad. Sci., 55, (1952): 99-108. 

18 Jungherr, E.: The Pathology of Experimental Sinu- 
sitis of Turkeys. Am. J. Vet. Res., 10, (Oct., 1949): 
372-382. 

19 Jungherr, E., and Minard, E. L.: The Present Status 
of Avian Encephalomyelitis. J.A.V.M.A., 100, (Jan., 
1942): 38-46. 


*® Jungherr, E., Sumner, F., Luginbuhl, R. E.: Path- 
ology of Egg-Adapted Avian Encephalomyelitis. Science, 
124, (1956): 80-81. 

21 Koprowski, H., and Cox, H. R.: Studies on Rabies 
Infection in Developing Chicken Embryos. J. Bact., 54, 
(1947): 74. 

22 Locy, W. A., and Larsell, O.: The Embryology of 
the Bird’s Lung. Am. J. Anat., 19, (1916): 447-504. 

2% Loomis, L. N., Cunningham, C. H., Gray, M. L., and 
Thorp, F.: Pathology of the Chicken Embryo Infected 
with Infectious Bronchitis Virus. Am. J. Vet Res., 11, 
(July, 1950) ; 245-251. 

2% Love, R., and Roca-Garcia, M.: Pathology of Polio- 
myelitis in the Chick Embryo. Am. J. Path., 31, (1955): 
901-922 

* Love, R., and Roca-Garcia, M.: 
Poliomyelitis in the Chick Embryo. 
(1957): 55-64. 

2% Sabin, F. R.: Direct Growth of Veins by Sprouting. 
Contrib. Embryol., 14, (1922): 1-10. 

27 Scheidegger, S.: Experimental Viral Infections in 
the Embryo and Fetus. Preliminary Notes on Pathologic 
Findings with Viruses of Psittacosis, Ectromelia, and 
Rabies. Am. J. Path., 29, (1953): 185-197. 

28 Sevoian, M., Snoeyenbos, G. H., Basch, H., and Rey- 
nolds, I.: Studies of Infectious Synovitis. Proc. North- 
eastern Conf. Workers Pullorum Dis. Control, 27th Ann. 
Meeting, mimeo. 1956. 

2 Sevoian, M., Winterfield, R. W., and Goldman, O.’L.: 
Avian Infectious Hepatitis. I. Clinical and Pathological 
Manifestations. Avian Dis., 2, (1958): 3-18. 

% Sugiyama, S.: Origin of Thrombocytes and the Dif- 
ferent Types of Blood Cells as Seen in the Living Chick 
Blastoderm. Contrib. Embryol., 18, (1926): 121-148. 

%1Van Roekel, H., Gray, J. E., Shipkowitz, N. L., 
Clarke, M. K., and Luchini, R. M.: Chronic Respiratory 
Disease Complex in Chickens. Massachusetts Agric. Ex- 
per. Sta. Bull. 486, (1957): 68-69. 

32 Woodruff, A. M., and Goodpasture, E. W.: The Sus- 
ceptibility of the Chorio-allantoic Membrane of the Chick 
Embryo to Infection with the Fowl Pox Virus. Am. J. 
Path., 7, (1931: 209-222. 


Pathogenesis of 
Arch. Path., 63, 


8. 

t 

B 

B 

5 

l 

a 


Interference of Anti-Hog Cholera Hyperimmune Serum with 
the Immunity in Mice Vaccinated Against Swine 
Erysipelas with Adsorbed Bacterin 


Z. FORSEK, med. vet. Dr.; M. ZELJKO, med. vet. Dr.; 
Z. ROMIC, med. vet. Dr. 


Kalinovica, Sarajevo, and Zagreb, Yugoslavia 


Since 1951, vaccination of pigs against 
swine erysipelas has been practiced in 
Yugoslavia on a large scale exclusively 
with adsorbed bacterin. The degree of 
immunity was variable. In some areas the 
immunity was solid; in other areas poor, 
although the incidence of swine erysipelas 
was on about the same level. The immunity 
response was poor in areas where pigs were 
vaccinated simultaneously against swine 
erysipelas and hog cholera. Pigs in these 
areas were vaccinated againsi hog cholera 
with anti-hog cholera serum and virulent 
virus until 1955, and with serum and 
attenuated viruses after that time. When 
all factors concerning the variability in 
immunity response were considered, it was 
assumed that it was the hog cholera hyper- 
immune serum which interfered with the 
immunity against swine erysipelas. 

To prove this hypothesis, experiments 
were carried out with mice. After prelimi- 
nary experiments showed that anti-hog 
cholera serum neutralized the activity of 
adsorbed erysipelas bacterin, a number of 
samples of commercial anti-hog cholera 
serum were studied to determine whether 
they contained antibodies against swine 
erysipelas. 


MATERIALS AND METHODS 


The 11 lots of commercial anti-hog cholera 
serum used were specimens of lots already used or 
in preparation for use in the field. The serum had 
been produced from older pigs of different breeds. 
The pigs used for virus production originated 
from areas where hog cholera was absent but swine 
erysipelas was prevalent. Each lot of anti-hog 
cholera serum was a pooled sample of an average 
of 500 to 1,000 hogs. 

The antibody content of serum samples was esti- 
mated in white mice (weight, 18 Gm.). The mice 
were inoculated subcutaneously with 0.04 to 1.28 


From the Department of Infectious Diseases, Veteri- 
nary Faculty, University at Sarajevo (ForSek), Vet- 
erinary Medical Research Institute, Zagreb (Zeljko), and 
the Serum Institute, Kalinovica, Yugoslavia (Romié¢). 


ml, of serum. The protective power of the ery- 
sipelas component in the serum was not estimated 
in comparison to standard serum, but a 50 per 
cent mortality following challenge with virulent 
culture was caleulated according to the method of 
Reed and Muench.® This method is, in our opinion, 
suitable for estimating a low antibody level. A 
protective unit of serum is the quantity which 
theoretically protects 50 per cent of the mice 
against a challenge dose of swine erysipelas eul- 
ture. The relationship between the quantity of 
serum and the immunity units in 1 ee. of serum is 
shown (table 1). 


TABLE 1—Method of Determining in Mice the 
Immunity Units Against Erysipelas in Anti-Hog 
Cholera Serum 


Dose of serum to 
protect 1 mouse 


0.04 ml. 
0.08 ml. 
0.16 ml. 
0.32 
0.64 ml. 
1.28 ml. 


No. of immunity 
units per ml. 


Five mice were used to test each quantity of 
each lot of serum and, on the basis of aceumu- 
lative deaths or survival of the mice, a 50 per cent 
mortality was calculated. As some mice given 
higher doses of serum developed an allergic re- 
action and died, they were replaced until 5 mice 
had been tested in each group. 

To establish proof of the interference, a graphic 
method ef logarithmic mesh was used according 
to Hazen.*? 

In all experiments, only one specimen of a lot 
of adsorbed bacterin was used, and it was concen- 
trated to one fifth of its original volume. In com- 
parison with standard bacterin, this lot contained 
83.3 protective units (p.u.). In ecaleulating the 
effect of serum on the bacterin on the Hazen*’ 
mesh, we plotted the values for the deaths of mice 
and set a line with two points (0.25 and 4.0 units 
of bacterin), as well as the values obtained when 
the mice were simultaneously inoculated with 1.0 
unit of bacterin and the corresponding quantity 
of hog cholera serum. 

In applying anti-hog cholera hyperimmune se- 
rum in mice, we tried to simulate an immunologi- 
eal relationship similar to that occurring in field 
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vaccination of pigs against hog cholera (serum 
plus attenuated virus) and against swine erysipe- 
las with adsorbed bacterin. It is assumed that, in 
the field, the dose is 5 ml. of adsorbed bacterin 
and an average of 10 ml. of anti-hog cholera se- 
rum per pig. On the basis of this dose, the follow- 
ing relationship between protective units of bac- 
terin and immunity units (iu.) in pigs and mice 
was ealeulated: Each pig vaccinated with 5 ml. 
of bacterin (83.3 p.u./ml.) and 10 ml. of anti-hog 
cholera serum (lot 60, 0.93 i.u./ml.) was given 
416.6 p.u. of bacterin and 9.3 iu. of swine ery- 
sipelas serum. A similar relationship in mice was 
simulated by injecting into them 0.022 ml. of 
serum for each protective unit (0.012 ml.) of 
bacterin. For each dose of serum and bacterin, a 
group of 30 mice was used. 

To determine the titer of antibodies against 
swine erysipelas in anti-hog cholera serum, mice 
were challenged with swine erysipelas (strain 
8-38) 20 days after simultaneous inoculation of 
serum and adsorbed bacterin. Each mouse was 
inoculated subcutaneously with 0.2 ml. of a 24- 
hour nutrient broth diluted at 1:10“. At this 
dilution, the strain killed mice in three to five days. 


RESULTS 


Determination of Titer of Antibodies in 
Anti-Hog Cholera Serums.—From 11 lots 
of examined serums, only one lot had a 
titer lower than 0.78 p.u., while in the re- 
maining ten lots, the titer ranged from 
0.93 to 4.65 units per milliliter (table 2). 

The determined values of antibodies 
against swine erysipelas were obviously 
much lower in comparison with specific 
serums against swine erysipelas produced 
in horses or in pigs.” 

In 54.5 per cent of examined serums 
(group 1 and 2) the titer of antibodies was 
low (0.78 to 1.20 i.u.), while only one lot 
had a titer of 4.65 i.u. per milliliter. When 
anti-hog cholera serums of group 4 were 
used for the immunization of pigs, it can 
be assumed that this serum interfered with 
the immunity against swine erysipelas pro- 
duced with adsorbed bacterin. 

Interference of Examined Lots of Hog 
Cholera Hyperimmune Serum with Im- 
munity Produced by Adsorbed Bacterin.— 
As differences in antibody titers between 
lots in a group of serums were negligible, 
only one representative specimen from 
each group was examined: lot 60 (0.93 i.u.) 
from group 2; lot 8-12 (1.86 iu.) from 
group 3; and lot 69, which showed the 
highest titer of antibodies (4.65 i.u.), from 
group 4. 

Since the content of antibodies in these 
serums at least doubled in each ascending 


group, we expected to obtain proportional 
interference. 

The mice were inoculated simultaneously 
with proportional quantities of adsorbed 
bacterin, which contained 83.5 p.u., and 
with one of these three anti-hog cholera 
serums. For each p.u. of bacterin (0.012 
ml.), mice were injected with 0.022 ml. of 
serum from lot 66, 0.045 ml. of serum from 
lot 8-12 and 0.11 ml. of serum from lot 69. 


TABLE 2—Antibody Titers Against Swine Ery- 
sipelas in Anti-Hog Cholera Serums 


Examined 


No. of Av. iu. 
Serum No. of i.u.*/mil. per serum 
group serum of serum group (%) 
1 59 >0.78 >0.78 9.0 
2 60 0.93 
x 0.98 
54 1.18 1.10 45.5 
Ix 1.20 
M 1.20 
3 8-12 1.86 1.94 18.2 
68 2.02 
4 70 3.12 
77 3.12 3.63 27.3 
69 4.65 


* iu. = immunity unit. 


The results showed that, in order to 
achieve the same percentage of protection 
in a given percentage of mice inoculated 
with serum lot 60, mice given serum from 
lot 8-12 must be given 0.014 ml. of bac- 
terin, and those given serum from lot 69 
must be given 0.023 ml. of bac-erin. 

On the basis of these results, the active 
titer of adsorbed bacterin apparently di- 
minished from 83.3 p.u. per milliliter, to 
71.5 p.u., and to 43.4 p.u., respectively 
(table 3). 

DISCUSSION 

It is known from earlier studies that the 
immunizing capacity of adsorbed bacterin 
is diminished by a simultaneous use of 
anti-swine erysipelas hyperimmune serum. 
From our experiments, it is evident that 
anti-hog cholera serum can also interfere, 
depending on the quantity of immunity 
units against swine erysipelas which the 
anti-hog cholera serum contains. 

The antibody titer against swine erysipe- 
las in anti-hog cholera serum depends on 
several factors. For the production of 
anti-hog cholera serum, older pigs are used. 
They have been naturally immunized or 
vaccinated (sometimes twice) against swine 
erysipelas. Booster doses stimulate anti- 
body production. The procedure of hog- 
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cholera hyperimmunization may contribute 
to the increase of antibodies. In the U.S.A.,® 
it was found that approximately 5.9 per 
cent of the examined samples of virus 
blood contain erysipelas organisms. Ac- 
cording to an observation in one of our 
commercial serum plants, there was gross 
evidence of swine erysipelas in about 5 per 
cent of slaughtered pigs used for the pro- 
duction of virus. Thus, since the blood of 
these pigs is not examined bacteriologically 
before inoculation in pigs used for the pro- 
duction of anti-hog cholera serum, the lat- 
ter may be hyperimmunized with the cul- 
ture of swine erysipelas, especially when 
the pigs used for anti-hog cholera serum 
production are reimmunized with virus, 
which is the routine practice in our serum 
plants. 

Our experiments fully confirm this the- 
ory. Of 11 lots of anti-hog cholera serum, 
only one lot did not contain biologically 
demonstrable antibodies against swine ery- 
sipelas. All the remaining lots were found 
to contain sufficient antibodies to interfere 
with the immunity engendered by adsorbed 
bacterin. The results showed that serums 


this finding. Pigs, vaccinated simultane- 
ously against swine erysipelas and hog 
cholera, when anti-hog cholera serum is 
used are practically protected against 
swine erysipelas during the negative phase, 
until the immunity is developed. 

The interference can not be avoided even 
when the vaccination against swine ery- 
sipelas is performed 14 days after vacci- 
nation against hog cholera, because the hog- 
cholera serum is an homologous serum, 
which is excreted slowly. 

The interference phenomenon should be 
avoided with new bacterins which ‘have 
mineral oils*}* or saponin as adjuvants. 
In these bacterins, antigenic stimulation is 
prolonged beyond the time of serum 
elimination. 


SUMMARY AND CONCLUSIONS 


Immunity against swine erysipelas was 
less solid in areas of Yugoslavia where pigs 
were vaccinated simultaneously against 
erysipelas and cholera when anti-hog chol- 
era serum was used. 


Tests proved that ten of 11 commercial 


TABLE 3—Differences in Titer of Adsorbed Bacterin Caused by the Adverse Effect of Anti- 
Hog Chorela Serum 


Titer of bacterin administered with serum containing: 


0.93 i.u./ml. 1.86 i.u./ml. 4.65 i.u./ml. 

No. p.u. Differ- Differ- Differ- 
in adsorbed No. ence No. ence No. ence 
bacterin /ml. p.u. (%) p.u. (%) p.u. (%) 

83.3 71.5 14.2 71.5 14.2 43.4 47.9 


p.u. = protective unit; iu. = immunity units. 


which contained 2 i.u. per milliliter had no 
practical influence on the immunity re- 
sponse of adsorbed bacterin. 

It is possible that this interference can 
be overcome with the adsorbed bacterins, 
which contain about 100 p.u. per milliliter. 
Meanwhile, anti-hog cholera serum, which 
contains 4.65 iu. per milliliter, can com- 
pletely inhibit development of immunity 
against swine erysipelas. Administration 
of 10 ml. of anti-hog cholera serum from 
lot 60 with adsorbed bacterin gave the pigs 
357.5 p.u.; administration of the same 
quantity of serum from lot 69 gave the pigs 
only 297.0 p.u. The quantity of antibodies 
in 10 ml. of anti-hog cholera serum (46.4 
iu.) may have adverse effect on the im- 
munity against swine erysipelas. 

Observation in the field also supports 


lots (91%) of anti-hog cholera examined 
contained antibodies against swine erysip- 
elas. One lot (9%) had a titer of 4.65 im- 
munity units and showed ability to lower 
the immunizing capacity of commercial 
adsorbed bacterin by 47 per cent. 

Since anti-hog cholera serum, being ho- 
mologous, is eliminated slowly, vaccination 
for erysipelas should either be postponed 
more than two weeks after its use, or a 
slowly adsorbed erysipelas vaccine should 
be used. 
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Hematological Studies of Normal, Ascarid-Infected, 
and Hog Cholera-Vaccinated Swine 


KENNETH D. WEIDE, D.V.M., M.S., and M. J. TWIEHAUS, D.V.M., M.S. 


Manhattan, Kansas 


WITH ADDITIONAL emphasis being placed by 
swine producers, livestock officials, veteri- 
narians, and government agencies on the 
eradication of hog cholera, it has become 
imperative that research be accelerated in 
an attempt to answer many of the related 
perplexing problems confronting the swine 
industry. This project was undertaken be- 
cause of the difficulty veterinarians some- 
times encounter in vaccinating swine 
against hog cholera when using attenuated 
vaccines. 

Field work has indicated that herds of 
swine, in which losses occurred following 
vaccination, frequently had severe ascarid 
infection and considerable damage had been 
done to the liver by the migrating larvae. 
An attempt has been made to investigate 
the effects of the lapinized hog cholera vac- 
eines on young pigs, and to study the ef- 
fects of ascarides (Ascaris lumbricoides) 
and their migrating larvae on the growing 
pig and their resulting influence, if any, on 
the immunizing potential of such infected 
pigs. Pathological findings will be reported 
in a later publication. 


REVIEW OF LITERATURE 


Hematological variations in normal swine have 
been reported (table 1). It appeared from this 
summary that the erythrocyte and leukocyte counts 
were lower in young than in old swine. The lympho- 
eyte count increased with age at the expense of 
the neutrophils. The eosinophil count has been re- 
ported by Craft and Moe™ to inerease with age 
and by Gardiner et al.” to remain nearly the same. 
Basophils appeared to remain the same. Palmer” 
reported that there were no sex differences in dif- 
ferential or erythrocyte counts, but the leukocytes 
tended to be higher in male animals. 

Eosinophilia has been reported to occur with 
asearid infection.***"* Speirs and Driesbach 
found that these cells concentrate around invading 
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parasites, remain at the periphery of an inflamed 
area, and play only a minor role in phagocytosis of 
foreign material. It has been reported that the 
eosinophil plays some part in dealing with toxic 
materials, this material probably being derived 
from protein. Campbell® stated that the eosinophilia 
accompanying parasitic infection was due to the 
fact that the parasites had large amounts of keratin 
and that the keratin was responsible for an anrti- 
gen-antibody reaction which caused the eosinophil 
increase. The antibody antigen reaction had large 
numbers of combining sites due to the wide distri- 
bution of the parasite throughout the body. Eosin- 
ophilia, then, was intimately associated with hyper- 
sensitivity. Campbell et al.’ further stated that 
foreign proteins in themselves did not attract 
eosinophils, but that there must have been an 
allergie reaction beforehand, which stimulated the 
eosinophilia. The histamine released by antigen- 
antibody reactions was thought by Best and Tay- 
lor * to be the specific cause of eosinophil increases, 
and this was somewhat substantiated by the facet 
that histamine injections caused an eosinophilia 
similar to that caused by Asecaris-extract injections. 
Most of the studies involving eosinophils with 
asearids have been made using ascarid extracts on 
guinea pigs. This ascarid extract was an insoluble 
keratin-polysaccharide of high molecular weight. 
Campbell® found that intra-abdominal injections 
of 5 mg. of the extract per 100 Gm. of body weight 
elicited a rise to 2.5 per cent circulating blood- 
eosinophils and that 20 to 25 mg./100 Gm. of body 
weight caused a 25.0 per cent eosinophil count. In 
the latter case, the total leukocyte increase was 
1,000 to 5,000 per cubic millimeter as a result of 
increases in the number of eosinophils and mono- 
cytes. Basophil numbers were increased in some 
animals. The eosinophil rise started in two to four 
days after the initial injection and reached its 
maximum in five to ten days. Antibodies against 
the extract were detected at the height of the reae- 
tion and for sometime afterward. 
Vaughn * reported increases in blood eosinophils 
as early as six hours after injection of Ascaris ex- 
tract into guinea pigs. Early pathological changes 
in the lungs were observed. The alveolar walls were 
thickened by swelling of the alveolar epithelium. 
This began in the larger vessels and bronchi and 
spread to involve large areas of the lungs and was 
followed by emigration of eosinophils from the 
blood vessels into the perivascular connective tissue. 
Eosinophils were later found in the pulp of the 
spleen. 


Several investigators *” 


have observed an in- 
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crease in eosinophils in guinea pigs following the 
injection of an ascaris extract. They found that 
upon a second injection of the extract into a sen- 
sitized guinea pig, there was a tremendous increase 
in eosinophils at the site of injection. The degree 
of concentration, then, depended upon the amount 
of prior sensitization. 

If the keratin portion of the ascarid is respon- 
sible for the eosinophilia, then after death of the 
parasite a greater eosinophilia may be expected, as 
the keratin portion of the parasite is more avail- 
able after death. This was confirmed by Campbell.° 
In hookworm infection, eosinophilia regularly oc- 
curred only after death of the parasites.’ If a large 
number of the parasites entered the host and died 
before reaching the intestine, a greater eosinophilia 
may have resulted. If all larvae successfully reached 
their adult habitat, no eosinophilia occurred. 

Reports on the chemical blood changes accompa- 
nying ascariasis have been published.‘ Cole” found 
leukopenia to be a regular phenomenon following 
vaccination with antiserum and virulent virus (si- 
multaneous method), and in many cases it was then 
followed by a leukocytosis which resulted in a 
higher leukocyte count than was present before 
vaccination. His experiment (on 55-90 lb. pigs, 
using 35 ec. of serum and 2 ee. of virus) indicated 
a decrease of from 8,000 to 20,000 circulating leuko- 
cytes in three to five days following vaccination. 
These counts returned to normal by the sixth to 
seventh day and exceeded the original counts in 
some cases by the eighth day. The leukopenia, fol- 
lowing the simultaneous vaccination, became less 
severe as the dose of serum was increased, and more 
severe as the dosage of serum was decreased. Serum 
given alone did not cause a reduction in leukocytes. 


MATERIALS AND METHODS 


Seven pregnant sows of mixed breeding were ob- 
tained, and a total of 60 pigs were farrowed, of 
which 40 were saved for this project. Each pig 
was numbered and ear-notched accordingly. 

The pigs were allotted to four groups. Groups 1 
and 2 were arranged so that principal and control 
animals were litter mates and suckled the same 
mother. Group 1 contained 2 controls and 4 prin- 
cipal animals, and group 2 was composed of 4 con- 
trols and 10 principals. 

Groups 3 and 4 were divided into control and 
principal animals by litters, the principal animals 
having no contact with the controls. Group 3 con- 
tained 4 controls and 5 principal animals, and 
group 4 contained 7 controls and 9 principals. 

Sows and pigs were kept in houses with concrete 
floors and walls, the pens being completely indoors, 
The floors were cleaned twice each day and hosed 
with water once each day. A 16 per cent protein, 
complete commercial ration was fed prior to far- 
rowing and for the duration of the experiment to 
both sows and pigs. 

Blood samples were collected aseptically from 
the anterior vena cava according to the procedure 
described by Carle and Dewhirst. The citrated 
blood was analyzed within the next few hours by 
methods described by Coffin” for total erythrocyte 
and leukocyte numbers, hematocrit, sedimentation 
rate, and differentia! leukocyte counts. Blood smears 
were made at the time samples were collected, and 
were stained with Giemsa’s stain within 48 hours. 
Only cells showing nuclear fragments separated by 
extremely thin filaments were considered segmented 
neutrophils. 

The first samples were collected seven to 14 days 
after birth, and the second was taken four days 


TABLE 2—Summary of Blood Studies of 12 Control Pigs 


Poly- 

Sedimen- Hemato- morpho- Lympho- Mono- Eosino- Baso- 

Age r.b.c. w.b.c. tation crit nuclear Stab cyte cyte phil phil 

(days) 10°%/emm. 108/emm.  mm./hr. (%) (%) (%) (%) (%) (%) (%) 
10 4.71 7.53 2.64 20.4 17.0 4.0 78.0 1.0 eats 
14 4.78 11.19 1.27 21.8 19.0 8.0 73.0 1.0 1.0 
18 5.27 10.32 1.83 23.4 18.0 6.0 72.0 2.0 1.0 
22 5.39 10.87 1.76 24.5 17.0 18.0 65.0 = pre 
26 5.48 12.65 2.00 25.2 13.0 16.0 69.0 2.0 peer 
30 5.93 12.28 1.77 25.5 17.0 14.0 66.0 1.0 2.0 
34 5.66 10.88 1.54 27.1 13.0 14.0 71.0 1.0 1.0 
38 6.24 14.90 1.19 27.4 12.0 20.0 65.0 1.0 2.0 
42 5.67 13.00 1.32 26.7 11.0 18.0 69.0 1.0 1.0 
46 6.38 14.17 0.28 26.9 9.0 22.0 67.0 1.0 1.0 
50 6.32 15.30 1.27 27.8 8.0 24.0 66.0 1.0 1.0 
54 6.60 14.50 1.33 29.7 10.0 21.0 65.0 2.0 3.0 
58* 6.16 14.64 1.96 29.0 9.0 23.0 65.0 2.0 1.0 
62 6.65 13.82 2.09 30. 13.0 19.0 64.0 1.0 3.0 
66 6.42 15.67 2.30 30.9 12.0 22.0 62.0 1.0 1.0 
70 6.25 15.77 1.76 31.5 10.0 22.0 63.0 3.0 2.0 
747 6.51 16.46 2.03 29.9 8.0 17.0 72.0 2.0 1.0 
78 6.37 14.96 1.45 29.8 10.0 21.0 67.0 1.0 1.0 
82 6.51 14.30 1.82 30.0 11.0 20.0 69.0 esse esos 
86 7.29 16.08 2.19 32.0 11.0 20.0 66.0 1.0 2.0 
90 7.15 17.26 2.28 33.0 2.0 18.0 77.0 2.0 1.0 
94 7.63 16.82 2.90 32.5 9.0 34.0 55.0 1.0 1.0 


* Vaccination with modified hog cholera vaccine occurred at this time. ft Challenge with live hog cholera virus 


occurred at this time. 


XUM 


es 


la 
sl 
Ww 
P 
q 
di 
to 
fe 
in 
lig 
p! 
eg 
wi 
of 
ti 
a 
1¢ 
gi 
la 
as 
ag 
cl 
G 
se 
in 
ar 
ti 
la 
va 
(¢ 


irus 


XUM 


Am. J. Vet. Res. 
May, 1959 


HEMATOLOGICAL StupIES OF SWINE 


Graph i1—Averages of 
eosinophil counts during 
the course of the experi- 
ment. (A) ascarid inocu- 
lation of principal ani- 
mals; (B) vaccination of 
all animals with lapin- 


% EOSINOPHILES 


N 


—— Controls 
---- Principals 


ized hog cholera vaccine 
without serum; (C) chal- 
lenge of all animals with 
4 cc. of virulent hog 
cholera virus. 


later, at the time of ascarid egg inoculation. 
These samples were used for a base line. There- 
after, blood samples were obtained at intervals of 
four days from both control and principal animals 
until their death or termination of the project. 

Female ascarides were obtained locally from 
slaughtered swine. The uteri from mature worms 
were removed and the eggs expelled into sterile 
Petri dishes, where they were mixed with a small 
quantity of tap water (approximately 100 cc.). One 
drop of commerical merthiolate per dish was added 
to retard mold growth. This material was trans- 
ferred to cotton-stoppered Erlenmeyer flasks (250 
ec.) containing glass beads. These flasks were then 
incubated at room temperature with a minimum of 
light. They were agitated once a week and the 
progress of the embryos was observed. After the 
eggs had become embryonated, a period of six 
weeks or more allowed to elapse before their use. 

A human eatheter was passed into the stomach 
of each principal pig and a culture, previously com- 
puted by direct microscopic count of a representa- 
tive sample, was transferred into the stomach. 
Control animals were not inoculated. Principal 
animals from groups 1 and 2 were inoculated with 
165,000 live embryonated ova. Groups 3 and 4 were 
given 125,000 live embryonated ova. These inocu- 
lations were made at approximately the same time 
as the second blood collections (12 to 18 days of 
age). 

At approximately 8 weeks of age, all remaining 
principal and control pigs were vaccinated sub- 
cutaneously with 2 cc. of rabbit-modified, live-virus 


tion of all animals with 
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(C) challenge of all ani- 
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Graph 2—Averages of 
sedimentation rates dur- 3 
ing the course of the ex- 3 
periment. (A) ascarid 
inoculation of principal 
animals; (B) vaccina~ & 
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hog cholera vaccine. No hyperimmune serum was 
administered. Sixteen to 21 days from this date, 
a challenge dose of 4 ec. of commerical virulent 
hog cholera virus was given subcutaneously (2 ee. 
was lethal to susceptible pigs within 5 days). 


RESULTS 


Normal Pigs.—Results of blood studies 
of 12 normal, healthy pigs which served as 
control animals for this experiment are 
summarized (table 2). Control animals 
which were not considered clinically ‘‘nor- 
mal’’ are not included. 

There was a gradual rise in erythrocyte 
counts in pigs 10 days to 7 weeks old, after 
which fluctuations occurred with slight ele- 
vations in total numbers. Total leukocyte 
counts also rose during this periods; after 
the pigs were approximately 50 days old, a 
fluctuating level was attained. Differential 
counts revealed an increase in neutrophils 
at the expense of lymphocytes. Monocytes 
and eosinophils remained fairly constant. 
Basophils were few. Sedimentation rates 
varied from 0.28 cmm. per hour to 2.6 emm. 
per hour, with no apparent pattern. Hema- 
tocrit readings corresponded closely with 
total erythrocyte counts. 

These findings varied from those previ- 
ously reported in studies of the blood of the 
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in neutrophils with a corresponding de- 
crease in lymphocytes. Hematocrit read- 
ings were generally lower than previously 
reported, but total erythrocyte counts were 
essentially the same. 

Ascarid-Infected Pigs.—Kosinophil 
counts increased in ascarid-infected animals 
by the fourth day postinfection and con- 
tinued to increase until 12 to 16 days. Then 
the counts decreased to preinfective levels 
by 20 to 28 days (graph 1). 

Sedimentation rates increased only 
slightly in the principal pigs following 
ascarid infection. Hog cholera vaccination 
and challenge of principal and control ani- 
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The increase following immunization was 
greater than that following challenge 
(graph 2). 

Routine blood studies in these experi- 
ments indicated that a mild anemia ac- 
companied the ascarid infection (graph 3). 
Hematocrit determinations corresponded 
with these findings. 

Pigs Vaccinated with Lapinized Vaccines. 
—Blood studies indicated that following 
vaccination with modified vaccines, and af- 
ter challenge with virus, a transitory leuko- 
penia resulted (graph 4). This was not a 
severe leukopenia and was similar to that 
which was found in the work of commercial 


Graph 4—Averages of 
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lation of principal ani- 
mals; (B) vaccination of 
all animals with lapin- 
ized hog cholera vaccine 
without serum; (C) chal- 
lenge of all animals with 
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companies,'* although detailed information 
on blood studies following vaccination with 
lapinized vaccines could not be found or 
was not made available from reluctant com- 
mercial firms. 

The mild leukopenia found in this study 
existed for a longer period in ascarid- 
infected animals than in control animals. 
When a challenge dose of live virus was ad- 
ministered to these animals, a similar syn- 
drome was observed, except that the leuko- 
penia was of a longer duration and even 
less severe. 

Asecarid-infeected pigs recovered more 
slowly from the leukopenia that followed 
immunization and challenge than did the 
control animals (graph 4). 


SUMMARY 


The hematology of normal young pigs 
has been reported and compared with pre- 
viously published results. Total leukocyte 
and erythrocyte counts increased from birth 
to approximately 7 weeks of age. The ratio 
of neutrophils increased at the expense of 
lymphocytes, contrary to previous reports. 

Pigs experimentally infected with ascarid 
ova developed a mild anemia that was no- 
ticeable 32 days after infection. Circulating 
eosinophils increased four days postinfec- 
tion, reached a peak by the sixteenth day, 
and returned to normal levels within 28 
days. 

Pigs immunized with rabbit-modified hog 
cholera vaccine used without serums de- 
veloped a mild leukopenia following both 
vaccination and challenge. The leukopenia 
following vaccination lasted for approxi- 
mately eight days, whereas that following 
challenge existed for at least 16 days. A 
leukocytosis developed following the vac- 
cination leukopenia in these pigs. The leuko- 
penia existed for a longer time in ascarid- 
infected animals, and the count was slower 
in returning to normal than it was in the 
control pigs. 

These observations may be one of the 
explanations for postvaccination difficul- 
ties encountered by veterinarians in the 
field with some lots of pigs. 
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The Use of the Plaque Technique for the Study 
of Porcine Enteroviruses 


K. V. SINGH, B.V.Sc., M.Sc.; E. H. BOHL, D.V.M., Ph.D.; 
J. M. BIRKELAND, Ph.D. 


Columbus, Ohio 


THE OBSERVATION by Koch that bacteria 
would produce ‘‘colonies’’ on solid me- 
diums, and thus could be isolated and 
studied in pure culture, paved the way 
for a rapid advance in bacteriology. Simi- 
larly, the observation by Dulbecco® that 
certain animal viruses are capable of pro- 
ducing plaques on monolayer cultures of 
mammalian cells grown in vitro has made 
available to the virologist a technique com- 
parable to the one which has been used so 
suceessfully by the bacteriologist. 

The purpose of this paper is to describe 
how the plaque technique may be used for 
the study of the porcine enteroviruses. 


REVIEW OF LITERATURE 


Although some animal viruses produce plaques 
on the chorioallantoic membranes of chicken em- 
bryos,® the use of this technique is definitely 
limited as compared with the method developed 
by Dulbecco,® wherein tissue culture methods are 
utilized. Since the advent of the Dulbecco plaque 
technique, it has been used successfully to obtain 
information on many viruses, including the human 
enteroviruses such as poliomyelitis® enteric cyto- 
pathogenic human orphan (ECcHO),”” and Cox- 
sackie.” 

The plaque technique has been found to be 
admirably suited for conducting the following 
studies on viruses: adsorption onto cells,” isola- 
tion, **™ obtaining pure lines,’ differentiation and 
identification by type of plaque produced,“ 
enumeration,”® neutralization,® mutation,” and 
growth curves.”” 

No reference could be found where the plaque 
technique has been used for the study of the 
intestinal viruses of swine, although tissue culture 
methods have been used for the isolation of such 
viruses. Moscovici et al.“ reported, from Italy, 
the isolation of a virus from an epizootic of enter- 
itis in newborn pigs. This agent produced a cyto- 
pathogenic effect on porcine and monkey kidney 
cells. Beran ect al.,? using tissue culture methods, 
isolated a number of cytopathogenic agents from 
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the feces of pigs. The majority of these agents 
belonged to a single homotypic group. Hancock 
et al.® isolated 30 unidentified viruses from eight 
swine herds by the use of porcine kidney tissue 
cultures. Preliminary studies indicated that four 
of these were of different types. 


MATERIALS AND METHODS 


Preparation of Tissue Culture Bottles——The tis- 
sue culture methods used for growing the porcine 
kidney cells were essentially those deseribed in a 
previous paper.’ The trypsinized, washed, porcine 
kidney cells were suspended in the culture medium 
in a dilution of 1:200, and approximately 15 ml. 
was inoculated into 4-0z. prescription bottles. The 
medium was changed after about three days. In 
most cases, the bottles contained a confluent sheet 
of cells after six or seven days, and were then 
suitable for use with the plaque technique. 


The growth medium consisted of 0.5 per cent 
lactalbumin hydrolysate, 5.0 per cent bovine serum, 
and 94.5 per cent Hanks’ balanced salt solution 
(Bss). Antibiotics were added to give a final con- 
centration of 200 units of penicillin, 200 ug. of 
dihydrostreptomycin, and 50 units of nystatin 
(Mycostatin)* per milliliter of medium. Sodium 
bicarbonate (4.4%) was added to give the desired 
pH (6.9 to 7.1 for initiating growth and 7.6 to 
7.8 for maintaining growth). 

Agar Overlay Medium.—To 100 ml. of BSS was 
added 0.5 Gm. lactalbumin hydrolysate and 1.0 
Gm. of Noble agar (Difco). This was autoclaved 
at 7 lb. of pressure for ten minutes and then placed 
in a water bath and cooled to 42C. The following 
reagents were then added: 3 ml. of bovine serum, 
1 ml. of a 1:1,000 dilution of neutral red, 6 ml. of 
a 4.4 per cent solution of sodium bicarbonate, and 
antibiotics to give the concentration previously 
described. By this procedure, the pH of the me- 
dium was usually 7.5. 

Plaque Technique.—Our technique was similar 
to the one used by Hsiung and Melnick.” Only 
those bottles showing a confluent sheet of healthy 
cells were used. Prior to adding the virus, the 
fluid in the bottle was removed. The inoculum for 
each bottle usually consisted of 0.2 ml. of the virus 
material, and an attempt was made to disperse the 
inoculum over the cellular monolayer by tilting 
the bottles back and forth several times. The in- 
oculated bottles were incubated at 37C. for one 


* Mycostatin is produced by E. R. Squibb & Sons, New 
York, N.Y. 
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DIRECT ISOLATION FROM 
FECAL SUSPENSION 


—Ohio State University 


Fig. 1—Plaques resulting from the inoculation of 
a fecal suspension obtained from a pig. 


hour, during which time it was expected that most 
of the viral particles would be adsorbed onto the 
cells. 

About 12 to 15 ml. of the agar overlay medium 
(at 42C.) was then added to each bottle, which 
was placed on its side so that the agar solidified 


Fig. 2—Bottles I, II, 
and III show three dif- 
ferent types of plaques 
resulting from the growth 
of three different porcine 
enteroviruses after seven 
days of incubation. Bot- 
tle IV is a control (no 
virus). 


over the cellular monolayer. In some cases, just 
prior to adding the agar, the bottles were rinsed 
several times with BSS to remove any unadsorbed 
virus. After the agar solidified, the bottles were 
inverted and incubated at 37 C. 

Preparation of Fecal Samples for Virus Isola- 
tion—A small quantity of feces was collected 
from individual pigs by the use of a rectal swab, 
which was then immediately placed in a tube con- 
taining 3 ml. of BSS with the following concen- 
tration of antibiotics per milliliter: 2,000 units of 
penicillin, 1,000 wg. of dihydrostreptomycin, and 
500 units of nystatin. The fecal suspension was 
then centrifuged in an angle-head centrifuge at a 
speed of 3,500 r.p.m. for 40 minutes. 

Viruses—Some of the porcine enteroviruses 
used in this study have been reported in a pre- 
vious publication. The pseudorabies virus was 
originally obtained from the American Type Cul- 
ture Collection,* and the tenth passage in porcine 
kidney tissue culture was used. The infectious 
canine hepatitis virus,t as used in the study, rep- 
resented the eighth passage in porcine kidney tis- 
sue culture. The transmissible gastroenteritis 
(TaE) virus was a fecal suspension from known 
infected baby pigs. 


EXPERIMENTAL PROCEDURE AND RESULTS 


Isolation of Viruses from Fecal Suspen- 
sions —Fecal suspensions were inoculated 
into culture bottles in 0.2 ml. amounts, and 
the plaque technique was then followed. 
Observations were made daily for the ap- 
pearance of plaques. An example of the 
direct isolation, from porcine feces, of a 
virus in the form of isolated plaques is 


* American Type Culture Collection, Washington, D.C. 
+ Obtained through the courtesy of Dr. Victor Cabasso, 
Lederle Laboratories, Pearl River, N.Y. 


—Ohio State University 


tht 
sue 
yur 4 

is- 
ine 
a se 
ne 
im 
ml, 
he 
In 4 
en 
nt 
m, 
on- 
of 
in 
m 
ed 
to 
1.0 
ed 
ed 
ng 
m, 
of 
nd 
sly 4 

lar 
hy 
18 
| i 
ng if i 
ne 3 ' 


570 


Am. J. VET. 
May, 1959 


illustrated (fig. 1). This photograph was 
made after an incubation period of five 
days, although the plaques first became vis- 
ible after 48 hours. 

Some porcine enteroviruses isolated by 
this technique produce grossly visible 
plaques in 24 hours, while others require 
about seven days. Isolation of a virus from 
an individual plaque can be made by trans- 
ferring a small amount of the plaque ma- 
terial to tissue culture tubes with a capil- 
lary pipette. 

Isolation of Pure Lines of Viruses.— 
Since a single plaque, in most cases, arises 
from a single virus particle, it is possible 
by this technique to isolate and propagate 
a pure line of virus. 

The following procedure was used for 
obtaining pure lines of porcine entero- 
viruses. The virus sample, properly di- 
luted, was inoculated into tissue culture 
bottles. After incubation at 37 C. for one 
hour, each bottle was rinsed three times 
with 10 ml. of Bss to remove any unad- 
sorbed virus. Agar overlay medium was 
then added and the bottles were incubated 
at 37 C. Bottles which showed only one or 
two plaques were then selected for further 
work. An agar core from the periphery 
of the plaque was obtained by means of a 
capillary pipette and transferred to a tis- 
sue culture tube. Care was then taken not 
to touch the water of condensation with the 
pipette. When the inoculated tissue cul- 


—Ohio State University 

Fig. 3—Plaques resulting from the inoculation of 

10° (four plaques) and 10° (approximately 48 
plaques) dilutions of a virus. 


ture showed a marked cytopathogenic ef- 
fect, the fluid, which was considered to 
represent a pure line of the virus, was 
harvested. 

Differentiation of Viruses by the Type 
of Plaque Produced-—Some of the viruses 


Fig. 4—Serum-neutrali- 

zation test. Serum A 

neutralized the virus so 

that no plaques devel- 
oped. 


—Ohio State University 
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*SCUDORABINS 


7 - days 


—Ohio State University 
Fig. 5—Plaques of pseudorabies after seven days 
of incubation. 


isolated from the feces of swine produced 
different types of plaques (fig. 2). A few 
of the more obvious differences that have 
been observed are: (1) incubation time 
necessary for the first appearance of the 
plaque; (2) the diameter of the plaque, or 
how rapidly it inereased in size; and (3) 
the type of border shown by the plaque. 

Enumeration of Viruses.— By inoculat- 
ing a tissue culture bottle with 0.2 ml. of a 
known dilution of the virus or fecal sample, 
and by counting the number of plaques 
arising in the bottle, the number of ‘‘ plaque- 
forming units’’ (PFU) in the original ma- 
terial can be determined. However, in 
order to get discrete and, thus, countable 
plaques, a suitable dilution of the virus 
sample must be used. The number of 
plaques that was obtained with 10-* and 10° 
dilutions of a virus sample is illustrated 
(fig. 3). 

Neutralization Tests——The results of a 
serum-neutralization test utilizing the 
plaque technique is shown (fig. 4). In this 
case, 1.0 ml. of a suitable virus dilution 
(previously determined to have contained 


—Ohio State University 


Fig. 6—Plaques of infectious canine hepatitis 
after 11 days of incubation. 


about 50 pru per 0.1 ml.) was placed in each 
of three tubes. To these three tubes were 
added : tube 1, 1.0 ml. of Bss; tube 2, 1.0 ml. 
of a 1:32 dilution of serum A; tube 3, 1.0 
ml. of a 1:32 dilution of serum B. These 
tubes were incubated at room temperature 
for one hour, and then 0.2 ml. of the con- 
tents of each tube was inoculated into a 
tissue culture bottle and assayed for the 
presence of virus. It is obvious (fig. 4) that 
serum A contained a neutralizing substance 
(in this case, antibody) for the virus. 

Known Viruses.—Pseudorabies virus and 
infectious canine hepatitis virus also pro- 
duced plaques on porcine kidney cells (fig. 
5, 6), while Tar virus failed to do so. 


DISCUSSION 


In many respects, the development of 
plaques by viruses is analogous to the de- 
velopment of colonies by bacteria. The Dul- 
becco plaque technique provides a new and 
valuable tool for the virologist, and will un- 
doubtedly contribute greatly to the ad- 
vances in virology. 
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This report indicates that the plaque 
technique can be used successfully for the 
study of the porcine enteroviruses. How- 
ever, one limitation, at present, is the fact 
that not all viruses produce plaques. For 
example, no plaques were produced with 
the rex virus, although there is a possibility 
that if suitable susceptible cells were used 
in the tissue culture system, plaques might 
then develop. 


SUMMARY AND CONCLUSIONS 


1) The Dulbecco plaque technique, uti- 
lizing porcine kidney cells, was used suc- 
cessfully for the study of the porcine 
enteroviruses in: (a) primary isolation 
from feces, (b) obtaining pure lines from 
single plaques, (c) differentiating strains 
on the basis of plaque characteristics, (d) 
enumerating, and (e) conducting either 
virus- or serum-neutralization tests. 


2) The viruses of pseudorabies and canine 
infectious hepatitis produced plaques on 
porcine kidney cells. 

3) The virus of transmissible gastroenter- 
itis of swine did not produce plaques on 
poreine kidney cells. 
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The Changing Morphology in the Uterus of the Growing Pig 


R. HADEK, D.V.M., Dr. Med. Vet., Ph.D., and R. GETTY, D.V.M., Ph.D. 


Ames, Iowa 


THE PURPOSE of this work was to attempt 
to tabulate the influence of age on the 
uterine morphology in swine. There are a 
number of papers dealing with the altera- 
tions of uterine morphology and _histo- 
chemistry }** in the different phases of 
the sexual cycle and pregnancy but, to 
our knowledge, none report an attempt 
to study the influence of age on uterine 
morphology. 


MATERIALS AND METHODS 


Specimens were collected, during 1954 and 1955, 
from 38 females representing 16 different age 
groups, from the newborn pig to sows 33 months 
old (table 1). 

The specimens from young animals which had 
not reached sexual maturity were taken on the 
exact day of their indicated age. Tissues from 
sexually mature animals were obtained on the 
second day of their sexual cycle and as near as 
possible to their described age. The material was 
obtained from swine of several breeds including 
Landrace, Duroc-Jersey, and Poland China. Gross 
examination and breeding indicated that all were 
healthy and normal animals. 

The animals were killed by exsanguination and the 
specimens were obtained at the earliest possible 
time compatible with the normal abattoir proce- 
dure. The ovaries, oviducts, uterus, cervix, and va- 
gina were collected from each animal and the 
endocrine glands from some. As a rule, four blocks 
of uterine cross sections were obtained, two from 
the uterine body and two from the middle part of 
a uterine horn. One of each of the uterine sec- 
tions was fixed in 10 per cent formalin and the 
other in chilled 80 per cent alcohol (modified 
Géméri technique).° The genital tracts of young 
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TABLE 1—Number and Age Distribution of Pigs 
Studied for Uterine Age-Changes 


Fixative 


Age No. of animals 
1 day 2 
2 weeks 
3 weeks 
4 weeks 
5 weeks 
6 weeks 
7 weeks 
8 weeks 
3 months 
4 months 
5 months 
6 months 
7 months 
8 months 
9 months 
10 months 
12 months 
14 months 
20 months 
33 months 
Total 


F = 10 per cent formalin; 


A = 80 per cent ethyl alcohol. 


animals were fixed, in toto, in 10 per cent for- 
malin. The blocks were embedded in paraffin and 
were sectioned from 4 yu to 8 uw in thickness. 

The histological procedures were as follows: 
(1) hematoxylin and eosin staining for general 
orientation; trichrome stains (Masson’s and Cross- 
man’s)* and reticular staining (Wilder)* to show 
the distribution of connective tissue fibers; and 
(2) measurements were made of the thickness 
(a) of the uterine wall, (b) of the endometrium, 
and (c) of the myometrium using an 8.V.E. Micro- 
beam* microslide attachment with a 1-inch focal 
length. The sections were projected to a white 
screen on which the image was measured with a 
decimal ruler. There were five sections obtained 
from each formalin-fixed block. On each section 
four measurements were made. The given number 
is the average result of the measurements. 


OBSERVATIONS 


The observations have been tabulated 
in the following way: (a) proportional 
changes in the endometrium and myome- 
trium, (b) appearance and development of 
the uterine glands, and (c) formation of 
the uterine mucosal folds. 

Proportional Changes in the Endome- 
trium and Myometrium.—The changing 
proportions of endometrium and mycme- 
trium in the uterine wall of the growing 


* Society for Visual Education, Inc., Chicago, [Il. 
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f uterine gland of a 2-week-old pig showing early uterine development. Trichrome, 
Crossman’s modification; x 65. 
Fig. 2—Section of the wall of the uterine horn of a 3-week-old pig showing uterine glands. Trichrome, 
Crossman’s modification; x 78. 
Fig. 3—Section of the uterine body of a 3-month-oli pig showing uterine glands penetrating the endo- 
metrium. Trichrome, Crossman’s modification; x 78. 
Fig. 4—Section of the uterine horn of a 5-week-old pig showing endometrial folds. Trichrome, Crossman’s 
modification; x 78. 
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Graph 1—Linear comparison of uterine growth 
(table 2). 


pig are shown (table 2, graph 1). In the 
newborn pig, the total thickness of the 
uterine wall measured 126 y», and the 
endometrium amounted to about half of 
the thickness of the uterine wall (55%). 
This proportion was found to alter in the 


TABLE 2—Measurements (in Microns) of the 
Uterine Wall, Glands, Mucosal Folds, and Endo- 
metrium of the Pig 


Uterine Mucosal 
Uterine wall Endometrium gland folds 

Age (thickness) (thickness) (length (width 
2 weeks 420 200(47) 
3 weeks 546 336(62) a 
4 weeks 926 714(77) 
5 weeks 1,176 1,050(89) 756 250 
6weeks 1,260 1,008 (80) 840 420 
3 mo. 2,730 1,680(60) 1,080 2,100 
4 mo. 5,460 8,696(69) 3,696 3,780 
6 mo. 5,520 3,822 (69) 


* Figures in parentheses represent the percentage of 
total wall thickness. 


of age. From then on, it remained more 
or less constant, showing only small 
variations. 

The proportions of the different com- 
ponents within the uterine wall, particu- 
larly the endometrium and myometrium, 
altered in the following manner: In the 
newborn pig, the endometrium represented 
55 per cent of the total uterine wall thick- 
ness; at 2 weeks of age, this proportion 
was only 47 per cent; at 3 weeks, it was 
62 per cent ; at 4 weeks, 77 per cent; and in 
5-week-old pigs, it reached 89 per cent of 
the total thickness of the uterine wall. In 
the 6-week-old pig, the endometrium was 
reduced to only 80 per cent in proportion, 
whereas the myometrium and perimetrium 
showed an increase in thickness. In the 
5-month-old gilt, the myometrium and peri- 
metrium increased further in relative size, 
reaching maximum development in the six- 
month-old animal. 

Appearance and Development of the 
Uterine Glands.—Uterine gland appear- 
ance and development is shown (table 2; 
graph 1). In the newborn pig, a few shal- 
low depressions in the uterine epithelium 
were observable which simulated the ap- 
pearance of a uterine gland. When pigs 
were 2 weeks of age, the early glands had 
comparatively large, funnel-like openings 


Fig. 5—Section of uter- 

ine horn of a 6-week-old 

pig showing endometrial 

folds (A). Trichrome, 

Crossman’s modification; 
x 53. 
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which were lined by uterine epithelial cells 
(fig. 1). In the 3-week-old pigs, the glands 
penetrated to some depth in the endome- 
trium but, since the endometrium was nar- 
row at this age, the glands never appeared 
longer than 130 » (fig. 2). 

The gland continued to remain shallow 
and trailed behind the endometrial thick- 
ness until the animal was 3 months old, 
at which time it penetrated the whole endo- 
metrium, reaching the myometrium (fig. 
3). From that age on, the depth of the 
glandular penetration remained at the 
myometrial border. From the beginning 
of their growth, the glands penetrated the 
endometrium like a corkscrew and, in later 
developmental stages, this tortuosity ap- 
parently remained. 

Formation of the Uterine Mucosal Folds. 
—The formation of the uterine mucosal 
folds is shown (table 2; graph 1). Up to 
the age of 5 weeks, there was no structure 
visible in the endometrium of the growing 
female pig which could be described as a 
mucosal fold. In the 5-week-old animal, 
however, small, tonguelike protrusions ap- 
peared which projected from the endome- 
trium into the uterine lumen (fig. 4). This 
type of protrusion, termed mucosal folds 
in histology textbooks, showed a progress- 
ing increase in size. They showed a certain 
amount of uniformity, which made it pos- 
sible to measure their approximate size. 
In the 5-week-old pig, the width of the fold 
was around 250 », which then increased to 
420 » in pigs 6 weeks old (fig. 5). The size 
changed to 2,100 » in the three-month old 
pigs with a corresponding increase in the 
length (height) of the folds as well (fig. 
6). From that age on, the mucosal folds 
were found to grow with such an irregu- 
larity and speed that no further attempts 
were made to measure them (fig. 7). 


Discussion 


A number of changes were observed in 
the uterus of the young pig. One of the 
foremost was the alteration in the propor- 
tion of the endometrium to the myome- 
trium. The endometrium increased from 
55 per cent of the uterine wall thickness in 
the newborn to 69 per cent in the sexually 
mature animal. 

The uterine wall progressively changed 
from an extremely thin-walled structure of 
126 p» to 5,000 » (5 mm.) in thickness. 

The development of the glands in num- 


ber and size showed a close relationship 
with age. The most evident changes oc- 
curred when pigs were about 3 months old. 

Casida? states that there is no demon- 
strable gonadotrophic hormone activity in 


Fig. 6—An endometrial fold in the uterine horn of 
a 3-month-old pig. H & E stain; x 65. 


Fig. 7—Endometrial folds in the uterine horn of 
a 6-month-old gilt. Masson’s Trichrome; x 78. 


XUM 


M 
tl 
e 
3 
fl 
le 
fe 
‘ 
Ss} 
> 
le 
ta 4 s 
. 
(7° Sh 


“ 


Am. J. Ver. 
May, 1959 


CHANGING IN UTEerus or Growine Pia 577 


the genital tract of the young animal. How- 
ever, it is postulated that from the age of 
3 months, the gonadotrophic hormone in- 
fluences the development of the myometrial 
layer, the uterine glands, and the mucosal 
folds. 


SUMMARY 


A study of the morphological changes 
which occurred in the genital tract of the 
growing pig between the ages of 1 day and 
6 months determined that: 


1) The total thickness of the endome- 
trium increased from 126 » in the newborn 
to over 5 mm. (5,520 ») in the 6-month-old 
animal. 

2) The endometrium changed from 47 
per cent of the thickness of the uterine 
wall in the 2-week-old pig to 69 per cent 
in the 4-month-old gilt. 

3) The uterine glands, which were few 


XUM 


in the newborn pig, developed gradually, 
penetrating the total depth of the endo- 
metrium to the myometrial border when 
pigs were 3 months old. 

4) The mucosal folds first appeared in 
the 5-week-old pig and gradually increased 
in complexity. 
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Age-Change Studies of the Ovary of the Domesticated Pig 


R. HADEK, D.V.M., Dr. Med. Vet., Ph.D., and R. GETTY, D.V.M., Ph.D. 


Ames, Iowa 


MANY PAPERS have been written on the 
ovary of the domestic pig.':*:** However, 
the ovarian histology, as it is affected by the 
growth and aging of the animal, has not 
been adequately reported. Therefore, it was 
thought to be worthwhile to tabulate and 
describe the age changes observed in the 
ovary from birth to maturity in the domes- 
ticated pig. 


MATERIALS AND METHODS 


Specimens were collected in 1954 and 1955 from 
48 female pigs, representing 16 different age 
groups from the newborn to those 33 months old 
(table 1). 

The specimens from young animals which had 
not reached sexual maturity were taken on the exact 


TABLE 1—Number and Age Distribution of Pigs 
Studied for Age-Change of Ovaries 


Fixative 


No. of animals 


Age 

1 day 2 F. 

2 weeks 2 F. 

3 weeks 2 F.A. 

4 weeks 2 F.A. 

5 weeks 2 F.A. 

6 weeks 2 F.A. 

7 weeks 2 F.A. 

8 weeks 2 F.A. 

3 months 2 F.A. 

4 months 2 F.A. 

5 months 2 F.A. 

6 months 2 F.A. 

7 months 2 F.A. 

8 months 2 F.A. 

9 months 3 F.A. 
10 months 2 F.A. 
12 months 2 F.A. 
14 months 1 F.A. 
20 months 1 F.A. 
33 months 1 F.A. 

Total 38 
F = 10 per cent formalin solution; A — 80 per cent 


ethyl alcohol. 
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day of their indicated ages. Tissues from sexually 
mature animals were obtained on the second day, 
30 hours following the first observation of heat, as 
evidenced by the acceptance of the boar. A definite 
stage in the sexual cycle was chosen for consisteney 
and accuracy of observations. The animals, which 
belonged to the Landrace, Duroe-Jersey, and Po- 
land China breeds, were healthy and normal as 


measured by visible examination and breeding 
records. 

They were exsanguinated and specimens ob- 
tained at the earliest possible time compatible 
with normal slaughter procedure at Iowa State 
College abattoir. The ovaries, oviducts, uterus, 


cervix, and vagina were collected from each animal 
and the endocrine glands from some. At least one 
ovary from each animal and tissue samples of the 
remaining parts of the reproductive tracts were 
fixed in 10 per cent formalin solution; the other 
ovary and duplicate sections were fixed in 80 per 
cent alcohol (modified Géméri’s technique). The 
genital tracts of the 1-day and 2-week-old animals 
were fixed in toto in 10 per cent formalin solution, 

The blocks were embedded in paraffin and see- 
tions were made 4 uw to 8 uw in thickness. Staining 
procedures used were: hematoxylin-eosin staining 
for general orientation; trichrome stains (Masson’s 
and Crossman’s modification of Mallory’s‘) to 
show the distribution of connective tissue fibers; 
and methyl-green pyronine (Unna-Pappenheim, 
Glick *) stains to indicate the intracellular propor- 
tion of ribonucleic acid as compared with desoxy- 
ribonucleic acid. 

In addition to histological observations, follicular 
counts were taken to determine the proportion of 
follicles in the various developmental stages. Since 
follicular counting was completed only for the sake 
of comparative numbers, it was endeavored to select 
identical cortical areas roughly corresponding to 
a eross section through the middle of the ovary, in 
such a way as to form a 90-degree angle with the 
ovarian longitudinal axis. In these areas, a mini- 
mum of 500 follicles were counted in each ovary, 
using an S.V.E.* microslide attachment to a 2- by 
2-ineh slide projector. 

The observations were tabulated in the following 
way: 

I. Submacroseopie observations. 

II. Changes in the parenchyme which in turn 
has been subdivided into sections dealing 
with: (a) alteration in the germinal epithe- 
lium, (b) alteration in the follicular con- 
stituents of the cortex, and (c) changes im 
follicular development. 


* Society for Visual Education, Inc., Chicago. III. 


[ 578 | 


OCC 
OV: 
gel 

epi 


XUM 


A} 
M: 
Si 
a 
er 
el 
ea 
— = 
Fi 
lar 
pr 
in 
Ser 
Cy 
the 
wo 
she 
fer 


Am. J. Ver. Res. 
May, 1959 


AGE-CHANGE STUDIES OF OVARIES OF THE P1G 579 


I1I. Changes in the stroma which has been sub- 
divided into sections dealing with: (a) al- 
teration in the cortical and medullary con- 
nective tissue and (b) appearance of the 
tuniea albuginea. 


OBSERVATIONS 
SUBMACROSCOPIC OBSERVATIONS 


In the newborn pig, the ovary presented 
a trilobed appearance macroscopically. Mi- 
eroscopic examination showed the three 
clefts were discernible (fig. 1); however, 
each lobe presented a cortical and medul- 


H & E stain; x35. 


trilobed appearance. 


lary portion (fig. 2). The clefts became less 
predominate in pigs 5 to 6 weeks old and, 
in 3-month-old pigs, they had regressed 
completely. Oceasionally, clefts were ob- 
served in the ovaries of mature hogs. 


CHANGES IN THE PARENCHYMA 

Alterations in the Germinal Epithelium. 
—Two different features connected with 
the germinal epithelium were considered 
worth describing: (1) the alterations in the 
shape of germinal epithelial cells in dif- 
ferent parts of the ovary, and (2) the 
occasional presence of cell clusters in the 
ovarian surface immediately beneath the 
germinal epithelium. 

1) There were areas where the germinal 
epithelium appeared to be tall columnar, 


XUM 


Fig. 2—Ovarian cortex of a 3-week-old pig. Notice 
the lobulation and the densely packed follicles. 
H & E stain; x 80. 


measuring up to 30 », while at other places, 
often next to these areas, it was flat or low 
cuboidal, measuring only 10 » (fig. 3). This 
alteration in the epithelial behavior could 
be observed from birth to 33 months of age. 
Neither the hematoxylin-eosin stain nor 
methyl-green pyronin showed any differ- 


Fig. 3—Section of ovarian cortex of a pig, 6 weeks 
old, showing low cuboidal to flat germinal epithe- 
lium. Trichrome, Crossman’s modification; x 435. 
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ences in the cytoplasmic staining or nuclear 
reaction in the tall epithelial cells, when 
compared with the smaller cells. 

2) The position of the cell clusters was 
not characteristic of any particular age. 
The cells forming them were round to 
polyhedral in shape, and occasionally some 
of them had a clear, unstained cytoplasm 
(fig. 4). In the sections studied, there was 
no apparent cell division observed in these 
islands, and no increased reaction with the 
methyl-green pyronin staining. 


Alteration in the Follicular Constituents 
of the Cortex.—At birth, the ovarian cortex 
was densely packed with small primary 
follicles (single layers of follicular cells 
around each ovocyte). The secondary fol- 
licles amounted to 27 per cent of the total 
number of follicles. In the 2-week-old pigs, 
the proportion of secondary follicles (mul- 
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Graph 1—The change in the percentage of second- 


ary follicles compared with the total count in the 
ovary of the swine. 


tiple layers of follicular cells) was 24 per 
cent of the total. With increase in age, this 
proportion changed in favor of the primary 
follicles. The number of secondary follicles 
was lowest in the 4- and 5-week-old pigs 
(graph 1). Thereafter, a gradual change 
took place and, once again, the secondary 
follicles increased in number so that from 
the age of 3 months through the last age 
group studied (33 months old), the propor- 
tion became approximately 50 per cent 
(graph 1). 


Fig. 4—Section of ovary 
of a 7-month-old pig 
showing cell clusters be- 
neath the germinal epi- 
thelium. Methyl-green 
pyronin; x 475. 


The characteristic alteration in the his- 
tological picture of the growing ovary was 
the gradual disappearance of the large 
number of primary follicles. In older ani- 
mals, their place was taken by solitary fol- 
licles. The first follicles in which liquor 
formation occurred were seen at 7 weeks of 
age. The first fully developed follicular 
cavity was observed in an animal 3 months 
old (fig. 5). 

When ovarian ages are judged solely on 
the basis of follicular components, three 
periods cazx be differentiated : (1) the early, 
prepuberal ovarian period, characterized by 
the presence of large numbers of primary 
follicles (fig. 6), with liquor production not 
more progressed than in the Call-Exner 
body stage, and low amounts of connective 
tissue (ovaries of pigs up to 8 weeks old) ; 
(2) the next ovarian period, characterized 
by large vesicular follicles and the com- 
paratively low amount of connective tissue 
(pigs 3 to 7 months old); and (3) the 
final period, characterized by an increased 
amount of connective tissue and a com- 
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paratively low proportion of follicular com- 
ponents (gilts over 8 months old). 

Changes in Follicular Development.— 

Multinuclear -Ova.—Most frequently, 
two cells were affected, although three, four, 
and, occasionally, five were also observed 
within the same follicle. The individual 
cytoplasmic boundary of the ovocytes was 
completely absent and only on the periph- 
ery was a thin follicular membrane visible. 
The nuclei were never coalescent, but were 
always completely separated from one 
another. 

In the relationship of age to multinuclear 
ova, the following alterations were ob- 
served: (a) the ovaries of the newborn pigs 
presented the maximum number of multi- 
nuclear ova( fig. 7), almost equally distri- 
buted throughout the whole cortical area; 
(b) at the end of the second week there were 
still many present, although their number 
was decreasing (no counts were made) and 
only a few were present in the outer part 
of the cortex; (c) the number of multinu- 
clear ova was considerably lower at 3 weeks 
of age and only a few were present at 4 
weeks, those present being found only in 
the inner cortical area; and (d) at no age, 
from 5 weeks onward through the whole 
series studied, were multinuclear ova ob- 
served again. 

Polyovular Follicles—The polyovular fol- 
licles, as a rule, were round. The numbers 
of ovoeytes recovered in large polyovular 
follicles varied from two to ten or more, but 
follicles generally contained three to six 
ovocytes (fig. 8). Large numbers of poly- 
ovular follicles were present in the newborn 
pigs, but their number decreased through- 
out the first 4 weeks of age. After pigs were 
approximately 5 weeks old, practically no 
polynuclear follicles were observed. 

Follicular Atrophy.—Since detailed de- 
scriptions of follicular atrophy have been 
published, it will be considered in this 
paper only as a phenomenon which affects 
the ovaries of gilts in a different way than 
the ovaries of sows. 

Atrophy was found to be present in speci- 
mens from the youngest (fig. 9) to the 
oldest pigs. In the ovaries of pigs under 
5 weeks of age, there were remarkably 
large numbers of primary follicles and ovo- 
cytes degenerating. In pigs over 5 weeks 


old, the number of atrophying ovocytes and 
primary follicles gradually decreased. In 
sexually mature ovaries, only low numbers 
of degenerating ovocytes were observed. 


Fig. 5—Ovarian cortex of a 3-month-old gilt. Sil- 
ver stain; x 85. 


Fig. 6—Ovarian cortex of a 2-week-old pig showing 
the comparatively large number of follicles and 
scant connective tissue fibers. H & E stain, x 170. 
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CHANGES IN THE STROMA 


Alteration in the Cortical and Medullary 
Connective Tissue.—In the ovaries of swine 
less than 3 months old, a reticular, fiber- 
rich area was found in the medulla, which 
contained the blood vessels. There was an 
area where scanty reticular fiber strands 
divided the cortex into follicular colonies 
which, in turn, were divided by individual 
reticular fibers into single follicle-contain- 
ing units. This reticular-poor cortical area 
gradually changed until, by 33 months of 
age, it was at least as rich in reticular fibers 
as the medulla. 

The direction of reticular fibers in the 
cortex also underwent considerable change. 
In young animals, the fibers were directed 
radially from the medulla to the cortex or 
rather toward the germinal epithelium, 
whereas in animals over 4 months of age, 
fibers were seen to be running parallel with 
the germinal epithelium and the ovarian 
surface. 

There was an increase in the amount of 
collagenous fibers similar to that of the re- 
ticular fibers. In the 2-week-old pigs, there 
were extremely few collagenous fibers in the 
cortex, while the medulla contained a com- 
paratively large amount, in which all the 
blood vessels were embedded. However, in 
the 4-month-old pigs there was a well-estab- 


lished layer of connective tissue between the 
germinal epithelium and the follicles. 
Appearance of the Tunica Albvginea.— 
The development of a tunica albuginea is 
gradual, and its thickness is never impres- 
sive. Only after the pig is 3 months old, 
when the thin threads of collagenous and 
reticular fibers have accumulated into a 
more easily distinguishable layer, can one 
speak of a tunica albuginea. In the sections 
studied, its thickness was never beyond 30 x. 


DiIscUSSION 

The material was not suitable for serial 
sectioning, but it appeared remarkable that, 
even in large ovaries, germinal epithelial 
islands could be found beneath the germinal 
epithelium. These islands were never close 
to one another. Raps '* described similar 
structures in the ovary of the dog. 

From the viewpoint of the alternating 
height of the germinal epithelium, the sow 
shows some likeness to the dog. The differ- 
ence between the two species is that the 
columnar epithelial cells in the bitch ap- 
peared only at a certain age, from which it 
was concluded that they can be regarded as 
a potential source of ovocytes, acting only 
when the previous store of ovocytes is ex- 
husted.!* In the ovary of the swine, how- 
ever, it was a constant observation, even at 


Fig. 7—Ovary of a newborn pig showing mutinuclear ova. H & E stain; x 410. 


Fig. 8—Section of an ovary from a 2-week-old pig showing the polyovular follicles in the process 
of multinuclear ova formation. H & E stain; x 410. 
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AGE-CHANGE STUDIES OF OVARIES OF THE Pic 


ages when the ovary was predominantly 
filled with primary follicles. It was hoped 
that with Unna-Pappenheim staining a dif- 
ference could be detected between the ribo- 
nucleic and desoxyribonucleic acid content 
of these cells, thus throwing some light on 
potential future ovocytes. However, no dif- 
ferential characteristics were observed. 

Therefore, it is difficult to explain the 
possible function of the germinal epithelial 
islands. The simplest explanation would 
be that they are the precursors of young 
ovoeytes and follicles. However, this would 
be a contradiction to the results of Mandl 
and Zuckerman," who maintain that in 
the rat, at least, there is no new formation 
of follicles after birth. 

Another interesting question is that of 
hormonal influence on the ovaries of the 
young pig. Casida * injected gonadotrophic 
hormones into prepubertal gilts and was 
unable to induce ovulation in any of the 
sexually immature animals. Consequently, 
he arrived at the conclusion that the ovaries 
of the young prepubertal gilt are nonre- 
sponsive to gonadotrophic hormones. This 
conclusion is of interest since, in this study, 
it has been observed that extensive follicu- 
lar atrophy occurs for a long time before 
the gilts reach ovulating age. 

The gradual alteration in the follicular 
constituents of the ovary and the gradual 
inerease in the amount of connective tissue 
are all similar to the features encountered 
in the ovary of the dog.'* 

With regard to the presence of the multi- 
nuclear ovocytes and polyovular follicles 
in the present series of ovaries examined, 
they were found only in the ovaries of the 
very young animals. Their number gradu- 
ally diminished, until practically none were 
present after the age of 5 weeks. 

Baesich ? observed similar structures in 
the newborn human female. Harrison '” 
and Hadek ® reported similar structures in 
the ovaries of goats and sheep with regular 
estrous cycles, but only during the pro- 
estrous or estrous periods. Therefore, these 
structures are thought of as freaks pro- 
duced by the somewhat excessive activity of 
the pituitary’s gonadotrophic hormone. In 
the ovary of the neonatal pig it seems that, 
due to the gonadotrophie activity of the 
chorion, there is a large-scale development 
of the multinuclear ovocytes and polyovular 
follicles which completely disappear after 
birth in the absence of the hormonal activ- 
ity. This may explain why the cortex of the 


Fig. 9—Follicular atrophy in an ovary of a 3-week- 
old pig. Notice disintegration of ovocyte cytoplasm. 
Masson’s trichrome; x 395. 


ovary in the young pig is so full of ovocytes 
and follicles. Later, the number of the 
ovocytes and follicles decreases. In this 
respect, sows seem to differ from ewes. The 
ovary of the sexually mature sheep contains 
quite a large number of polynuclear ovo- 
eytes and polyovular follicles, which 
develop in pre-estrus and atrophy in met- 
estrus, whereas practically none were visi- 
ble in the sexually mature pig. 


SUMMARY 


In a morphological study of swine ovaries, 
specimens from 38 female swine, ranging 
from 1 day to 33 months of age, were 
studied. The changes observed can be sum- 
marized as follows: 


1) The presence of germinal epithelial 
cell clusters appeared to be a regular fea- 
ture visible in practically every ovary from 
birth to 33 months of age. 

2) Extremely little cortical stroma was 
present in the ovaries of the newborn pig. 

3) At birth, the entire ovarian cortex 
and a large part of the medulla was occu- 
pied by primary follicles. 

4) In the growing pig, the number of 
primary follicles increased up to 4 weeks of 
age; thereafter, they appeared to decrease 
until equilibrium was reached at 6 months 
of age. 
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5) The first vesicular follicles appeared 
at 5 to 6 weeks of age. 

6) Multinuclear ova and polyovular fol- 
licles were found during the first 5 weeks 
of extrauterine life and were thought to be 
closely associated with the chorionic go- 
nadotrophie secretion. 

7) During the first 6 weeks of extrauter- 
ine life, many follicles became atrophied. 

8) Further statistical studies should be 
made to evaluate the true significance of the 
relative proportions given. 

9) The development of the tunica albu- 
ginea was gradual, being first distinguish- 
able at 3 months of age. 
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The Effects of Infecting Newborn Pigs with Transmissible 
Gastroenteritis Virus 


JOHN W. YUSKEN, M.S.; PAULINE HO, M.S.; ELWOOD F. REBER, Ph.D.; 
HORACE W. NORTON, Ph.D. 


Urbana, Illinois 


TRANSMISSIBLE GASTROENTERITIS (TGE) of 
baby pigs was first described by Doyle and 
Hutchings.5 The clinical signs were vomit- 
ing, diarrhea, dehydration, loss of body 
weight, and development of a rough hair 
eoat. Mortality can approach 100 per cent 
in pigs 1 week of age or less.®: ®: 15 

Several investigations have revealed 
changes in blood glucose, blood urea, and 
nonprotein nitrogen in baby pigs infected 
with Reber and Whitehair found 
pigs 26 days of age infected with Tez had 
a lower blood glucose concentration than 
noninfected pigs. Whitehair et al.1* found 
a steady decline of blood glucose with a 
marked increase of blood urea nitrogen 
and nonprotein nitrogen. Bay et al. did 
not observe differences in the level of blood 
glucose of taxE-infected and noninfected 
baby pigs. 

This is a report of an investigation to 
determine the levels of glucose, nonprotein, 
and urea nitrogen in the blood of pigs, 1 to 
5 days old, that have been infected experi- 
mentally with ter. It was also designed to 
determine if the weights of several organs 
of teE-infected pigs, when compared with 
those of noninfected pigs, could be corre- 
lated with TGE virus titer as determined by 
Lee et al.8 


MATERIALS AND METHODS 


Litters of pigs from 10 Hampshire sows were 
used in this study. Five of the litters (40 pigs) 
were infected with Tar, and the other five litters 
(36) pigs were not infected. The newborn pigs 
to be infected were each given orally, by syringe, 
about 1 ml. of a supernatant fluid from a saline 
solution suspension of a ground intestine taken 
from a TGE-infected pig. The supernatant fluid had 
been stored at —13 C. Two o’clock in the afternoon 
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& supernatant fluid from a saline solution suspension of 
ground intestine taken from a pig infected with trans- 
missible gastroenteritis. 


was designated as 0 time; at this time, the pigs 
were not more than 24 hours old. One pig from 
each litter was killed at 0 time, 6 hours later, and 
at 12-hour intervals thereafter. Baby pigs were 
selected at random at these intervals and anesthe- 
tized with chloroform. Blood samples were ob- 
tained by heart puncture. Potassium oxalate was 
used as an anticoagulant. 

All pigs were killed by exsanguination and their 
livers, spleens, lungs, and kidneys were removed 
and weighed. The esophagus was severed as close 
to the stomach as possible, and the remaining por- 
tion of the small and large intestines were freed 
from their attachments. The stomach contents were 
removed and the emptied stomach, intestines, and 
their contents weighed together. The emptied 
stomach and the intestine and its contents will be 
referred to as the gastrointestinal (G.1.) tract. A 
piece of liver weighing 0.2 to 0.5 Gm. was used for 
glycogen determinations. The liver samples from 
pigs of seven litters were placed in 30 per cent 
KOH. The liver samples of the remaining litters 
were either frozen by means of an alcohol-dry-ice 
mixture or placed in a freezer at —13C. Liver 
glycogen was determined by the method of Hansen 
et al.’ Blood glucose determinations were made 
by using a modified Folin-Wu method.* Hemo- 
globin was determined by a modification of the 
cyanmethemoglobin method of Crosby et al.,> and 
blood nonprotein nitrogen and urea nitrogen were 
determined by the method deseribed by Chaney and 
Lamar.” 

All of the determinations for blood components 
and liver glycogen of the noninfected and TGE- 
infected pigs were compared statistically from 0 
time to the fifty-fourth hour of this experiment. 
The body and organ weights were compared statis- 
tically for the same interval of time, both as organ 
weights per se and as organ weights adjusted for 
body weight. 

RESULTS AND DISCUSSION 

Severe diarrhea was observed in all pigs 
infected with TGE virus within 24 hours 
after exposure. The diarrhea persisted for 
the duration of the experiment. The in- 
fected pigs became lethargic, gaunt, and ap- 
peared dehydrated, as evidenced by loose 
skin on the thighs and abdomen. However, 
there were no deaths in the group of in- 
fected pigs. No clinical signs of TGE or any 
other diseases were seen in the noninfected 
pigs. 
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TABLE 1—Average Body and Organ Weights (Gm.) of Noninfected and Transmissible 
Gastroenteritis-Infected Pigs 

Time Body weight Lung G.I. tract Kidney Spleen 
(hr.) N TGE N TGE N TGE N TGE N TGE 
0 1,147(5)* 1,489(5) 19.2(5) 24.4(5) 77.8(5) 80.8(5) 9.2(5) 11.8(5) 1.4(5) 1.6(5) 
6 1,332(5) 1,254(5) 20.0(5) 20.2(5) 91.2(5) 78.2(5) 9.8(5) 10.0(5) 1.4(5) 1.0(5) 
18 1,318(5) 1,633(5) 20.0(5) 27.2(5) 87.6(5) 106.4(5) 10.6(5) 13.4(5) 1.8(5) 2.2(5) 
BO 1,422(5) 1,297(5) 22.0(5) 21.2(5) 94.6(5) 70.2(5) 9.8(5) 11.0(5) 3.6(5) 1.6(5) 
42 1,474(5) 1,371(5) 24.0(5) 23.2(5) 91.6(5) 97.2(5) 11.2(5) 11.9(5) 1.6(5) 2.4(5) 
54 1,565(5) 1,456(5) 25.6(5) 26.4(5) 100.0(5) 113.0(5) 11.2(5) 12.0(5) 2.4(5) 1.8(5) 
66 1,847(2) 1,451(5) 28.5(2) 27.8(5) 110.5(2) 108.0(5) 14.0(2) 12.6(2) 2.5(2) 1.6(5) 
78 1,572(2) 1,057(3) 23.0(2) 20.2(2) 107.0(2) 70.7(4) 12.5(2) 8.8(4) 3.0(2) 1.0(4) 
90 1,971(2) 1,052(2) 381.5(2) 16.0(2) 131.0(2) 47.5(2) 15.0(2) 8.0(2) 4.0(2) 1.0(2) 


N-= noninfected pigs; TGE = pigs infected with transmissible gastroenteritis; G.I. = gastrointestinal tract. 
* Numbers in parentheses represent the total number of determinations. 


The average body and organ weights of 
noninfected and tee-infected pigs from 0 
time to the ninetieth hour are tabulated 
(table 1). The individual body weights of 
the pigs were quite variable within both 
noninfected and infected litters. There was 
no significant difference between the body 
weights of noninfected and infected pigs 
from 0 time through the fifty-fourth hour. 
After hour 54, the body weights of infected 
pigs appeared to be much lower than those 
of the noninfected pigs (table 1). However, 
the small number of pigs used beyond hour 
54 precluded statistical evaluation. The loss 
of body weight observed in this study con- 
firms other work.*:* 

No significant difference was observed in 
G.I. tract, lung, liver spleen, or kidney 
weights per se between noninfected and in- 
fected pigs through hour 54. The G.1.-tract 
weights of the infected pigs were found to 
be significantly greater (P=0.05) than 
those of the noninfected pigs from 0 
through the hour 54 when the G.I. tract 
weights were adjusted to equal body weight. 

The increase was probably due to edema 
of the mucosa and submucosa. It was not 
due to increased luminal content because, 
at necropsy, infected pigs had very little 
luminal content. Edema of the intestinal 
mucosa of TeE-infeected pigs has been ob- 
served by Bay et al.’ Lee et al.® reported 
that the intestine and kidney had the high- 
est titers of Tae virus. There appears to be 
a correlation of high titer of Tee virus and 
the occurrence of edema, as reflected in the 
significant increase in G.I. tract weight, but 
no such correlation appears with respect 
to the kidney. 

Lung weights were not significantly dif- 
ferent between infected and noninfected 
pigs when adjusted to equal body weight. 
The lungs of both the noninfected and in- 
fected pigs increased in weight at about 


twice the rate the body weight increased 
through the fifty-fourth hour of this 
experiment. 

The average body weight of 5 infected 
pigs killed at hour 78 and 90 was 1,055 Gm. 
This low body weight is considered to be 
due to the effects of rez. Therefore, the 
lung, G.1. tract, kidney, and spleen weights 
might be expected to be much lower in pigs 
infected with Tee than noninfected pigs of 
the same age. This could be verified by 
another experiment in which a sufficient 
number of pigs would be examined to per- 
mit statistical evaluation. 

The average values of blood total protein, 
hemoglobin, urea nitrogen, nonprotein ni- 
trogen, and glucose and liver glycogen con- 
tent of noninfected and infected pigs from 
0 to hour 90 of this experiment are shown 
(table 2). The increases in the total 
blood protein and hemoglobin, along with 
the losses of body weight, severe diarrhea, 
and the physical appearance of gauntness, 
indicated that the pigs infected with TGE 
virus were dehydrated after the fifty-fourth 
hour of the experiment. No significant dif- 
ference for total blood protein or hemo- 
globin was found between infected and 
noninfected pigs through the fifty-fourth 
hour. Particular emphasis was given to the 
blood glucose and liver glycogen content 
of the infected pigs of this study because 
of their possible relation to hypoglycemia. 

A fatal condition in newborn pigs was 
reported by Graham et al.,° in which hypo- 
glycemia seemed to be the most striking 
characteristic. Sampson et al.'* compared 
the blood glucose concentration and liver 
glycogen content of pigs less than 96 hours 
old with clinical <ases of hypoglycemia. 
Blood glucose concentrations ranged from 
3 to 61 mg./100 ml. in the clinical cases 
and from 9 to 43 mg./100 ml. in experi- 
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EFFECTs OF TRANSMISSIBLE GASTROENTERITIS VIRUS IN PIGS 


May, 1959 


mentally fasted, newborn pigs. The liver 
glycogen content in both clinical and ex- 
perimentally fasted pigs was lower than the 
limits of the method of determination. 

In this study, there was a marked varia- 
tion in the blood glucose of infected pigs 
which varied from 100 to 231 mg./100 ml. 
Noninfected baby pigs were able to main- 
tain a level of blood glucose within a 
restricted range of 117 to 155 mg./100 ml. 
There was no significant difference between 
the blood glucose of infected and nonin- 
fected pigs from hour 0 to 54 of this experi- 
ment. Sampson and Newton reported 
hypoglycemic coma in baby pigs in which 
the blood glucose level was 40 mg./100 ml. 
Pigs, 4 weeks old, infected with TGE had an 
average blood glucose concentration of 63 
mg./100 ml.'° This low concentration of 
63 mg./100 ml. was not considered as in- 
dicating hypoglycemia. In this experiment, 
there was no indication of any hypogly- 
cemia associated with TGE. 

The average liver glycogen content of 
infected baby pigs decreased after the 
eighteenth hour following infection and re- 
mained lower than values obtained from 
noninfected pigs. There was no statistically 
significant difference between liver glyco- 
gen contents of infected and noninfected 
pigs from hour 0 to 54. Only traces of 
glycogen could be found in the livers of 
infected pigs at hours 78 to 90, while non- 
infected pigs had the highest liver glycogen 
content encountered during the experiment 
(2.69%). The average liver glycogen con- 
tent of noninfected pigs was 1.4 per cent, 
as compared with 2.7 per cent reported by 
Morrill ® for suckling pigs 15 to 150 hours 
old. Blood glucose levels ranged from 75 
to 145 mg./100 ml. 

These data indicate that hypoglycemia is 
not associated with TGE infection, and that 
TGE infection appears to inhibit glyco- 
genesis in some way. This is suggested by 
the coneurrence of glycogen-depleted livers 
with adequate or elevated blood glucose 
levels. The blood glucose may be main- 
tained in TGE-infected pigs by breakdown 
of protein, which may cause a progressive 
rise of both blood urea nitrogen and non- 
protein nitrogen (P<0.001). The linear 
increase of blood nonprotein and urea ni- 
trogen in infected pigs from 0 to 54 hours 
may be due largely to endogenous protein 
breakdown, because dietary intake of pro- 
tein is known to be low. The stomachs of 


TABLE 2—Average Values of Blood Analyses and Liver Glycogen Content of Noninfected 


Transmissible Gastroenteritis-Infected Baby Pigs 


Blood non- 


protein Blood urea Liver 
glycogen 
(%) 


nitrogen 


Blood total 


nitrogen Hemoglobin 
(Gm,/100 ml.) 


(mg./100 ml.) 


100 ml.) 


protein 
(Gm./100 il.) 


Blood glucose 
(mg./100 ml.) 


Time 


(mg./ 


TGE 


TGE 


TGE 


TGE 


N 


N 


TGE 


(hr.) 


2.7(4) 
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infected pigs usually do not contain as 
much milk as those of the controls. This 
may be accounted for by emesis which fre- 
quently occurs immediately after suckling. 
The accompanying diarrhea leads also to 
a marked decrease of foodstuff utilization. 
High blood urea and nonprotein nitrogen 
can not be excluded as a reflection of kid- 
ney impairment, since Doyle* found that 
the kidneys of infected pigs showed signs 
of degeneration with urate retention. Until 
the extent of physiological derangement of 
the kidney as affected by TGE is determined, 
the significance of elevated blood urea and 
nonprotein nitrogen can not be fully 
evaluated. 
SUMMARY 


In a study of the effect of transmissible 
gastroenteritis on suckling newborn Hamp- 
shire pigs, no significant difference was 
found in the organ and total body weights 
between infected and noninfected baby pigs 
up to 54 hours following infection. 

Total body and organ weights in general 
were lower in the infected pigs from 54 to 
90 hours after infection, probably because 
of vomiting, diarrhea, and decreased milk 
consumption. The weight of stomach tissue 
plus intestinal tract and its contents was 
higher for infected pigs than for nonin- 
fected pigs when adjusted to equal body 
weight, and is believed to be due to sub- 
mucosal and mucosal edema. 


The total blood protein and hemoglobin 
of infected pigs were higher than those of 
the noninfected pigs, which probably re- 
fleets dehydration. Blood glucose varied 
considerably more in infected pigs than in 
the noninfected pigs, but there was no 
definite trend toward a sustained hypo- 
glycemia, in spite of the fact that liver gly- 
ecogen decreased to practically zero. The 
sustained blood glucose of infected pigs was 
believed to be largely due to endogenous 
protein breakdown, which was correlated 


with higher blood urea and nonprotein ni- 
trogen. Damage to kidney function may 
also account for the sustained and elevated 
blood urea and nonprotein nitrogen of in- 
fected pigs. 
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lonographic Studies of Rabbits Infected with Eimeria Stiedae 


J. S. DUNLAP, D.V.M., M.S.; W. M. DICKSON, D.V.M., M.S.; 
V. L. JOHNSC..4, Ph.D. 


Pullman, Washington 


SERUM PROTEIN PATTERNS from animals 
with liver disease are usually characterized 
by an inerease in both the f- and y-globulin 
fractions. In rats moderately infected 
with Cysticercus fasciolaris, an increase in 
the B-globulin component was interpreted 
as evidence of liver damage.* An elevation 
of the y-globulin component of serum pro- 
tein is characteristic of some protozoan in- 
fections, but Comer ® failed to observe such 
a change in dogs with amebic dysentery. 

Kunkel® found an increase in £B-lipo- 
protein and a disappearance of the lipopro- 
tein fraction in human patients suffering 
from biliary cirrhosis. This result could be 
secondary to other factors, since Bossak * 
obtained similar results in rabbits injected 
with cortisone. 

The present study was initiated to ascer- 
tain the degree of liver damage in sub- 
lethal liver coccidiosis of the rabbit and to 
see if an elevation of #-lipoprotein and 
y-globulin occurred in this condition. 


MATERIALS AND METHODS 


Crossbred New Zealand white rabbits were ob- 
tained, in litters, from a local dealer. Fecal sam- 
ples indicated that these animals were free of liver 
coccidiosis. When the rabbits were approximately 
40 days old, one half of the animals of each litter 
were inoculated with sublethal doses (approx. 
150,000) of sporulated Eimeria stiedae oocysts. 
Blood samples were obtained by cardiac puncture 
at 3, 6, 10, 13, 17, 20, and 24 days after inocula- 
tion of the host. Following cardiac puncture, ani- 
mals were killed for metabolic and histological 
tissue studies. Two animals, a control and an in- 
fected litter mate, were exsanguinated at each 
interval; a complete set of intervals constituted 
one replicate. Three replicates were carried out, 
using a total of 42 rabbits. 


Initially, it was intended to use frozen serum 
samples for ionography, but a review of the litera- 
ture ”*° indicated the need for some caution in this 
regard. Therefore, an experiment was carried out 
to determine the effect of aging and freezing on 
the electrophoretic pattern. There appeared to be 


Scientific paper No. 1774, from the Washington Agri- 
cultural Experiment Station, Pullman. Conducted under 
project No. 3792. 

This work was supported by the National Institutes 
of Health grant E-879. 


an increase in serum albumin percentage with age, 
coinciding with a decrease in a-globulin while the 
B- and y-globulins were unaffected. The number 
of freeze-thaw cycles had no effect except a slight 
decrease in serum albumin after the first cycle. In 
the experiments reported in this investigation, 
fresh serum was used for ionography. 

Protein and lipoprotein determinations were 
made in duplicate, using Whatman 3 mm. paper in 
a Durrum type cell* with a veronal buffer having 
an ionic strength of 0.075 and a pH of 8.60. Sep- 
arations were accomplished in 16 hours at 5 ma. 
per cell. Ionographs were stained with bromphenol 
blue, rinsed in acetic acid, and dried for protein 
determinations.* Total protein was determined in 
duplicate using micro-Kjeldahl procedure. Two 
methods were used for lipoprotein visualization. 
In the second replicate, the strips were stained 
with oil red O.° In the third replicate, the serum 
was prestained with acetylated Sudan black B.° 
No lipoprotein determinations were made on the 
first replicate. For quantitation of the fractions, 
graphs were prepared using an integrating densi- 
tometer. 


RESULTS AND DIscuUSsSION 


The mean values and statistical summary 
for the protein fractions (table 1) and the 
changes in y- and f-globulin during the 
course of infection (graph 1) indicate that 
the major difference seen at the times 
chosen for sampling was an increase .in 
8-globulin at the thirteenth day after infec- 
tion. There was some evidence of increased 
y- and £-globulins early in the disease, as 
observed three days after infection. There 
was a slight, variable increase with age in 
the serum albumin of the control animals. 
The infected animals experienced little 
change in serum albumin levels. 

Three lipoprotein fractions were rou- 
tinely found, as previously reported by 
Bossak.? However, as two of these fractions 
(graph 2) have similar mobilities, their 
percentages are combined (table 2). Al- 
though the two staining methods used gave 
comparable results, the acetylated Sudan 
black B method ® was preferable. This lat- 


* Spinco Model R Paper Electrophoresis Cell, manu- 
factured by Beckman Instruments, Inc., Spinco Division, 
Belmont, Calif. 

+ Spinco Model R Analytrol, manufactured by Beck- 
man Instruments, Inc., Spinco Division, Belmont, Calif. 
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Graph 1—Globulin fraction in relation to control. 


ter method gave cleaner peaks, less back- 
ground, and less variability between dupli- 
cates. These results indicate that, as liver 
damage becomes more severe, the £-lipo- 
protein component is increased and the 
a-component becomes less apparent. Rab- 
bits with a 20-day coccidia infection showed 
somewhat the same lipoprotein picture as 
human beings with biliary cirrhosis.* This 
may be a specific indication of liver damage 
or, since the same pattern is obtained fol- 
lowing cortisone injection,? an indirect 
effect due to the possibility that severe 
liver damage interfered with deactivation 
of endogenous adrenal steroids. 

An interesting finding in these experi- 
ments was the wide separation between the 
O-component and the £-lipoprotein frac- 
tion occurring at about the thirteenth day. 
It appears that the a-fraction was increased 
both in amount and mobility. This lipo- 


uninfected rabbits 


4A infected 13 days 


infected 20 days 


of 


Graph 2—Lipoprotein ionographs. 


protein change may account for the in- 
creased 8-globulin occurring at this time. 
The lipoprotein patterns of the control 
rabbits and rabbits infected 13 and 20 days 
are illustrated (graph 2). 

All animals designated as infected were 


TABLE i—Serum Proteins of Rabbits Infected with Eimeria Stiedae 


No. days 
after infection 


Albumin 


Total protein 


Control 6.12 3.5 
3 days 7.31 3. 
Control 6.88 3. 
6 days 6.89 : 
Control 6.56 3.2 
10 days 6.34 3. 
Control 6.77 4. 
13 days 6.89 3.3% 
Control 6.30 3.74 
17 days 6.69 3.71 
Control 6.99 4.00 
20 days 7.11 3.52 
Control 7.00 4.43 
24 days 7.18 3.85 
Statistical summary 

1.0 3.75 


Infection effect 


*P< 0.01 


Gm. per 100 ml. serum 


a-globulin B-globulin y-globulin 
0.98 0.78 0.87 
0.95 1.10 1.51 
1.16 1.02 1.00 
1.05 1.10 1.26 
0.90 1.02 0.96 
0.92 0.95 0.88 
1.00 0.92 0.92 
1.09 1.70 1.08 
0.83 1.11 0.77 
0.87 1.25 1.17 
0.95 1.04 0.91 
0.95 1.37 1.08 
0.97 0.96 0.71 
1.08 1.54 0.69 
F value 


1.0 13.88* 12.98° 
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TABLE 2—-Serum Lipoprotein Fractions of Rab- 
bits Infected with Eimeria Stiedae 


Mean Total stainable lipid (%) 
Days postinfection a B+0 
Control 26.3 73.7 
3 19.0 81.0 
6 13.6 86.4 
10 12.9 87.1 
13 11.8 88.2 
17 17.6 82.4 
20 5.0 95.0 
24 17.3 


82.7 


found, histologically, to have hepatic coc- 
cidiosis. 
SUMMARY 


Protein and lipoprotein fractions of se- 
rum were analyzed using ionography 
(paper electrophoresis). Serum was ob- 
tained from rabbits infected with Eimeria 


stiedae at various intervals during the 
infection. 
1) There was a _ significant increase 


(P<0.01) in both B- and y-globulin during 
the course of the infection. The increase 
in £-globulin was most apparent at the 
thirteenth day, with an increase also at the 
third day. The increase in y-globulin oe- 
curred at the third and seventeenth days 
of infection. 

2) The control lipoprotein patterns were 
similar to those previously reported. By 


the thirteenth day, the 8-lipoprotein had 
increased in both amount and mobility and 
the a-fraction was becoming inapparent. 
At the twentieth day, there was one large 
peak of O- and f£-component with very 
little a-component. 
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Studies on the Relationship of a Phospholipase to the 
Hemolysin of Leptospira Pomona 


S. ROGOLS, M.Sc.; W. B. FIZETTE, Ph.D.; E. H. BOHL, D.V.M., Ph.D. 
Columbus, Ohio 


EvmeEncE that the clinical signs of bacil- 
lary hemoglobinuria in cattle (anemia and 
hemoglobinuria) resemble those of acute, 
fatal, bovine leptospirosis suggests that 
the pathogenesis of the two diseases may be 
similar. The causative agent of the former, 
Clostridium hemolyticum, produces a hemo- 
lysin which closely resembles the alpha- 
toxin, a lecithinase, of Clostridium perfrin- 
gens welchii.’ Recently, it has been reported 
that a hemolysin is produced by certain 
species of leptospiras, and that it may 
be implicated in disease production.’ 16 
It is, therefore, the object of these investi- 
gations to point out a possible relationship 
between the hemolysin produced by path- 
ogenic leptospiras and the alpha-toxins 
(lecithinases) of the clostridia, and also 
to further characterize this leptospiral 
hemolysin. 


REVIEW OF LITERATURE 


MaeMillan,” Alexander,’ and Russell demon- 
strated a leptospiral hemolytic substance present 
in pathogenic cultures of leptospiras and have 
designated this factor as a ‘‘hemolysin.’’ They 
suggest that this hemolysin may be implicated in 
the pathogenesis of leptospirosis. Fizette® has 
suggested that the substrate of this hemolysin 
may possibly be a phospholipid present at the 
surface of various cells of the body. 

Hemolytic factors have been observed with 
other microorganisms; in particular, members of 
the genus Clostridium. MacFarlane*™” has ob- 
served that the alpha-toxin produced by Cl. per- 
fringens is eapable of splitting the substrate 
(lecithin), present at the surface of erythrocytes, 
into a diglyceride and a phosphocholine. Clostrid- 
ium hemolyticum, the causative agent of bacillary 
hemoglobinuria in cattle, also produces a sub- 
stance which closely resembles the alpha-toxin 
produced by Cl. perfringens.® 

Pertaining to the in vitro activity of lecithinase, 
time, temperature, and pH may be inhibitory,’ 
as may chemical substances such as amino acids’ 
and surface active agents.” Homologous anti- 
serum has also been noted to inhibit the action 
of lecithinase.” Zameecnik succeeded in protecting 
mice and dogs against the alpha-toxin of Cl. 
perfringens by injection of purified lipids.” 


From the Department of Bacteriology, Ohio State Uni- 
versity, Columbus. 


Regarding the mechanism whereby hemolytic 
lecithinases bring about destruction of erythro- 
eytes, the process which apparently accounts for 
hemolysis is the splitting of lecithin into a di- 
glyceride and a phosphocholine.? Whether this 
occurs is greatly dependent upon the availability 
and content of lecithin and related phospholipids ” 
which make up the complex lipid-protein coaser- 
vate present at the surface of erythrocytes.” 


MATERIALS AND METHODS 


The leptospiral hemolysin was prepared as fol- 
lows:* Cultures of Leptospira pomona (EHB)* 
were grown in 16-0z. cotton-stoppered prescription 
bottles, each containing 400 ml. of Schiiffner’s 
medium prepared using a modification of Schu- 
bert’s technique.” The inoculum was 1 ml. of a 
heavy culture of the organisms. Heavy growth 
of leptospiras was observed after 16 days. This 
culture medium, which represents the hemolysin 
as used in the following studies, was then poured 
into 4-0z. prescription bottles and stored at —50C. 


Titration for the determination of hemolysin 
activity was carried out as follows: To each 1.0 
ml. of medium titrated, 0.1 ml. of a stock solu- 
tion (99 mg./ml.) of NaCl was added to make 
the solution isotonic. The first tube in the titra- 
tion, prior to the addition of the erythrocyte indi- 
cator, contained 1.0 ml. of the nonisotonie culture, 
0.1 ml. of the salt stock solution, and 0.9 ml. 
buffered physiological saline solution (pH 7.3). 
The contents of the first tube was mixed, and 
doubling dilutions in 1.0-ml. quantities were made, 
using buffered saline solution as the diluent. One 
milliliter of a 1 per cent suspension of packed 
erythrocytes, which had been previously washed 
three times with sterile saline solution, was then 
added to each tube. By this procedure, the dilu- 
tion of hemolysin was 1:4 in the first tube. Ineu- 
bation was for two hours at 37 C. 

For observing in vitro neutralization of hemo- 
lysin using lecithin t and other phospholipid-like 
compounds,** a routine, twofold dilution of hemo- 
lysin in 1-ml. amounts was employed using buf- 
fered saline solution. To these tubes was added 
1 ml. of nonlytic dilutions of the alkaloid sub- 
stances (table 2). The tubes were then incubated 
at 37C. for 40 min., after which 1 ml. of a 1 per 
cent suspension of packed sheep erythrocytes was 


* Recently isolated from an aborted swine fetus. 

+ Obtained from the Pfanstiehl Laboratories, Wauke- 
gan, Ill. 

** Obtained from the Nutritional Biochemical Corp., 
Cleveland, Ohio, and from the Mathieson Coleman & Bell 
Co., Norwood, Ohio. 
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TABLE 1i—tThe Activity of a Leptospiral Hemolysin on the Erythrocytes of Various Animal 


Species 
fe Erythrocyte source 
dilution Chicken Guinea pig Mouse Man Hamster Rabbit Cattle Sheep 
1:4 3 2 4 3 4 
1:8 1 3 d 2 4 3 3 4 
1:16 0 2 4 2 3 2 2 4 
1:32 ae 1 2 1 2 1 2 4 
1:64 0 0 1 2 1 2 3 
1:128 sh 0 1 1 1 2 
1: 256 0 0 1 1 
1:512 1 1 
1:1,024 0 1 
1: 0 


added to each tube. Reineubation was at 37C. 
for two hours. 

Sheep erythrocyte stroma was prepared after 
the method described by Beach et al.? For any 
adsorption tests, 5 ml. of the packed stroma which 
had been previously washed three times with sterile 
saline solution was added to 5 ml. of the hemoly- 
sin. The mixture was then centrifuged and the 
supernatant titrated against sheep erythrocytes. 

Animal protection tests were carried out using 
female golden hamsters,t 3 to 5 weeks old. A 
modification of Zamecnik’s method™ for prepar- 
ing lecithin emulsions was used as follows: To 1 
Gm. of the phospholipid was added 10 ml. of 
sterile saline solution. The mixture was then 
heated to 50C. for two to three minutes, and 
then allowed to stand for 24 hr. at room tem- 
perature. It was then centrifuged at a low rate 
of speed for five minutes to remove large particles. 
The emulsified lecithin was then decanted and was 
ready for use. The nature of the dose adminis- 
tered in these protection tests is given, together 
with the results (table 3). 


RESULTS 


Data concerning time and temperature 
variables were similar to those obtained 


t Obtained from the Lakeview Animal Farm, Lake- 


view, N. J. 


* Level of hemolysis recorded as 0 to 4 on the basis of visual inspection. 


by Alexander! and Russell.1® The hemo- 
lysin is relatively stable upon standing at 
room temperature for at least 30 hr. Its 
optimal activity is within the temperature 
range at 35 to 38 C., whereas it is inactive 
below 25 C. and above 45 C. 

Freshly prepared washed chicken eryth- 
rocyte stroma, when mixed with undiluted 
hemolysin, yielded a white floc. In a like 
fashion, lecithin plus hemolysin will also 
yield the same type of floc. 

When hemolysin was titrated against 
erythrocytes of various animal species, in 
increasing order of activity chicken red 
blood cells were the most resistant, fol- 
lowed by guinea pig, mouse, human, ham- 
ster, rabbit, bovine, and ovine erythrocytes 
(table 1). 

The effect that nonlytic dilutions of leci- 
thin and related compounds have on hemo- 
lysin activity in vitro is shown (table 2). 
The hemolysin appears to be most neutral- 
ized by cephalin. Sodium lauryl sulfate 
and saponin, which have been described as 
excellent inhibitors against the alpha-toxin 
of Clostridium welchii,” also showed some 
inhibition of the leptospiral hemolysin. 


TABLE 2—The Inhibitory Effect of Lecithin, Cephalin, and Surface-Active Agents on 
Hemolysin Activity 


Substance tested 


Sodium 
lauryl Hemolysin 
sulfate Saponin vs. sheep 
(1: 8,200)* (1:128)* erythrocvtes 

2 2 4 

2 2 4 

1 2 4 

1 1 3 

1 1 3 

0 1 3 

0 2 

; 2 

1 

0 
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Hemolysin Lecithin Cephalin 
dilution (1:1,280)* (1:200)* 
1:4 1 
1:8 2 0 
1:16 
1:32 1 
1:64 1 
1:128 1 
1: 256 0 
1:512 
1:1,024 
1: 2,048 


* Represents the lowest dilution that was not hemolytic. { Control titration. 
recorded as 0 to 4 on the basis of visual inspection. 


** Level of hemolysis 
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Lecithin offered some degree of protec- 
tion (prolongation of life) to hamsters 
previously inoculated with a pathogenic 
culture of L. pomona. The greatest protec- 
tion was afforded when 3 to 4 per cent 
emulsions of the phospholipid were admin- 
istered intraperitoneally in 0.5-ml. quanti- 
ties to the animals 15 minutes and one 
hour after injection of the infective doses 
(table 3). A lesser degree of protection was 
offered when the same concentrations of 
lecithin were administered at 24-hr. inter- 
vals, beginning 24 hr. after injection of 
the organisms. 

DIscussION 

Since optimal activity of the hemolysin 
is at 37.C., an enzymatic process seems to 
be implicated. In general, inactivation of 
enzymes occurs at temperatures above 50 
C., with the optimum temperature for 
activity being about 40C. 

Our results point out the resistance of 


chicken erythrocytes to the leptospiral 
hemolysin, in contrast to the susceptibility 
of sheep erythrocytes. A possible explana- 
tion may be that the availability of stroma 
phospholipid determines the susceptibility 
of erythrocytes of different animal species 
to the hemolysin. Supporting this idea, 
Turner '® reported that chicken cell sur- 
faces are -high in phospholipid content and 
that this phospholipid is tightly bound; 
with sheep cell stroma there is a slightly 
lower content of phospholipids, but the 
phospholipids are loosely bound to stroma 
protein. Also, Erickson® reported that 
when stroma is prepared from erythro- 
cytes, all the erythrocyte lipid is contained 
in the stroma, and that the amount of 
lipid is related to the size of the cell. Thus, 
avain erythrocytes are higher in lipid con- 
tent than are the ovine or bovine cells. 
However, the erythrocytes of birds contain 
a tightly bound lipid-protein complex, 
while those of sheep and cattle are made 


TABLE 3—The Protection of Leptospira-Infected Hamsters, Using Lecithin 


Animal Time of 
No. Description and nature of dose received death* 
1 0.5 ec. 4.0 per cent lecithin survived 
2 0.5 ec. 3.5 per cent lecithin survived 
3 0.5 ec. 3.0 per cent lecithin survived 
4 0.5 ce. 2.0 per cent lecithin survived 
5&6 0.3 ce. of a culture of L. pomona 90-94 hr. 
7&8 0.3 ec. of a culture of L. pomona followed by two injections 340-348 hr. 
of 4.0 per cent lecithin, each of 0.5-cc. quantities. One injec- 
tion was given 15 min. after injection of organisms; the 
other 1 hr. after injection of the organisms. 
9&10 0.3 ec. of a culture of L. pomona followed by two injections 340-348 hr. 
of 3.5 per cent lecithin in 0.5-cc. quantities, both injected in 
the same manner as animals 7 and 8. 
11&12 0.3 cv. of a culture of L. pomona followed by two injections 300-312 hr. 
of 3.0 per cent lecithin in 0.5-cc. quantities both injected in 
the same manner as with animals 7 and 8. 
13 &14 0.3 ec. of a culture of L. pomona followed by two injections 235-240 hr. 
of a 2.0 per cent lecithin emulsion in 0.5-cc. quantities, both 
injected in the same manner as animals 7 and 8. 
15 &16 0.3 ec. of a culture of L. pomona. 0.5 ec. of a 4 per cent 208-214 hr. 
lecithin emulsion injected starting 24 hr. after injection of 
the organisms and continued at 24 hr. intervals. 
17 &18 0.3 ec. of a culture of L. pomona. 0.5 ec. of a 3.5 per cent 254-260 hr. 
lecithin emulsion injected in the same manner as with ani- 
mals 15 and 16. 
19 & 20 0.3 ec. of a culture of L. pomona. 0.5 ce. of a 3.0 per cent 114-120 hr. 


21 & 22 


emulsion of lecithin injected in the same manner as with 
animals 15 and 16. 

0.3 ee. of a culture of L. pomona. 0.5 ec. of a 2.0 per cent 
lecithin emulsion injected in the same manner as with ani- 
mals 15 and 16. 

0.5 ce. of a 4.0 per cent lecithin emulsion injected at 24 hr. 


0.5 ec. of a 3.5 per cent lecithin emulsion injected as with 
0.5 ec. of a 3.0 per cent lecithin emulsion injected as with 


0.5 ce. of a 2.0 per cent lecithin emulsion injected as with 


23 
intervals for 12 days. 
24 
animal 23. 
25 
animal 23. 
26 
animal 23. 
27 0.5 ec. physiological saline solution 
28 No injection 


* Period during which both animals died following injection with L. pomona. 


114—120 hr. 


survived 
survived 
survived 
survived 


survived 
survived 
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HEMOLYSIN OF LEPTOSPIRA POMONA 


up of loosely bound lipid-protein com- 
plexes. Our results, at this point, seem to 
indicate that hemolysin activity may be 
a function of phospholipid availability 
rather than actual content. 

In our investigations, erythrocyte stro- 
ma, when mixed with hemolysin, yielded 
a white floc as does lecithin when it 
is mixed with hemolysin. This apparent 
breakdown of a phospholipid, yielding a 
white floc, has been described as occurring 
with hemolysins of Cl. hemolyticum,® and 
the alpha-toxin of Cl. welchii..°™ In Cl. 
welchtvi, the hemolysin responsible for the 
breakdown of the host’s erythrocytes has 
been termed a lecithinase.'' However, leci- 
thinases are capable of degrading numer- 
ous other phospholipids besides lecithin.* 
It seems possible that breakdown of eryth- 
rocytes by a leptospiral hemolysin may be 
due to the action of an enzyme against the 
phospholipids present on the surface of 
mammalian erythrocytes. 

Lecithin partially inhibited the activity 
of the hemolysin in vitro, as did saponin 
and sodium lauryl sulfate, compounds 
known to inhibit the alpha-toxin of Cl. 
welchu.’® Cephalin, the direct analogue of 
lecithin, almost completely inhibited hemo- 
lysin activity. According to Van Hayni- 
gen,”” inhibition of bacterial toxins by 
phospholipids may be due to a substrate 
competition effect. From the results ob- 
tained using the erythrocytes of various 
animal species, and from the use of vari- 
ous inhibiting substances, it is entirely 
possible that a phospholipase is responsible 
for the hemoglobinuria and anemia that 
are seen in some acute cases of bovine 
leptospirosis. 

Our results obtained from animal pro- 
tection tests (table 3) resemble those ob- 
tained by Zamecnik *! in his studies of the 
alpha-toxin of Cl. welchw. Protection of 
animals against phospholipases may be due 
to the phosphatides dividing the action of 
the toxin between hydrolysis of the added 
phosphatides and of the cell phosphatides 
present in the system, provided a suffi- 
ciently high concentration of the former 
was present. This may explain why 2 per 
cent emulsions of phosphatides offered no 
protection, whereas a 4 per cent emulsion 
did. 

Studies are being continued in order to 
determine a more complete identification 
of the hemolysin. 


SUMMARY 


1) The investigations regarding the 
effect of time and temperature variables 
on a leptospiral hemolysin indicated that 
the nature and activity of the substance 
resembled that of an enzyme. 

2) The results obtained when hemolysin 
acted on the erythrocytes of various ani- 
mal species suggested a relationship be- 
tween hemolysin activity and phospholipid 
availability on the surface of erythrocytes. 
Brief mention was made regarding the role 
of phospholipases in acute leptospirosis. 

3) The observations that erythrocyte 
stroma, when mixed with diluted quan- 
tities of hemolysin, yielded a white floc 
and that lecithin treated in a like fashion 
also yielded a white floc, together with in- 
hibition of hemolysin activity by known 
lecithinase inhibitors, seemed to indicate a 
parallel between the activity of the alpha- 
toxins of the clostridia and this leptospiral 
hemolysin. 

4) Concentrations of lecithin, varying 
from 3 to 4 per cent in 0.5-ml. quantities, 
prolonged the life of hamsters which had 
been previously injected intraperitoneally 
with pathogenic cultures of Leptospira po- 
mona. A possible relationship between these 
observations and those made concerning the 
alpha-toxin of Clostriduim welchu, together 
with a suggested mechanism for this pro- 
tection, is mentioned. 
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Identification and Determination of Kynurenin and 
3-Hydroxykynurenin in Bovine Urine 


A. M. PAMUKCU, D.V.M., Ph.D.; J. M. PRICE, M.D., Ph.D.; R. R. BROWN, Ph.D. 


Madison, Wisconsin 


IN RECENT YEARS, there has been intensive 
investigation of tryptophan metabolism. A 
number of tryptophan metabolites have 
been identified in the urine of different 
species of animals.” 11; 12,18 

Dunning et al. reported that rats fed 
both tryptophan and 2-acetylaminofluorene 
developed bladder tumors in high incidence, 
while those fed 2-acetylaminofluorene alone 
did not. Tryptophan is a precursor of sev- 
eral aromatic amines® chemically similar 
to those known to produce bladder cancer 
in man and the dog.2° Therefore, it was of 
interest to study the tryptophan metabolites 
in urine from patients with and without 
neoplasms of the urinary bladder.*® Re- 
eently, Boyland and Williams® reported 
that 3-hydroxykynurenin and 3-hydroxyan- 
thranilic acid were present in greater than 
normal amounts in the urine of patients 
with bladder cancer. Boyland and Watson * 
and Allen et al.’ stated that 3-hydroxyan- 
thraniliec acid, 3-hydroxykynurenin, and 
2-amino-3-hydroxyacetophenone were carci- 
nogenie when implanted in the bladders of 
mice. 

As far as the authors are aware, there is 
no report of tryptophan metabolites in cow 
urine. However, neoplasms of the urinary 
bladder are common in this species of ani- 
mal in certain geographic There- 
fore, a study of tryptophan metabolites in 
urine from cows with and without cancer of 
the bladder was initiated. This paper re- 
ports the identification and determination 
of kynurenin and 3-hydroxykynurenin in 
the urine of healthy dairy cows.* 


From the Cancer Research Hospital, Medical School, 
University of Wisconsin, Madison. Dr. Pamukceu is on 
leave of absence as professor of Animal Pathology, Uni- 
versity of Ankara, Turkey; Dr. Price is American Cancer 
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professor of Surgery, Cancer Research Hospital. 
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tute of Arthritis and Metabolic Diseases (A-1499), U.S. 
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* The words, kynurenin and 3-hydroxykynurenin, fre- 
quently appear with a terminal “e.”” However, the Edi- 
torial Department of the AVMA uses as its authority the 


Dorland Medical Dictionary, in which the final ‘“e”’ is 
omitted. 


EXPERIMENTAL PROCEDURE AND RESULTS 

Ion-Exchange Chromatography.—The 
procedure followed in this study was that 
described by Brown and Price‘ and Brown.® 
The urine samples were collected under 
toluene from normal dairy cows of the Uni- 
versity of Wisconsin dairy farm. One-liter 
quantities of urine from each of 4 cows were 
pooled, acidified to 0.1 N with HCl, and 
the precipitate which developed overnight 
was removed by centrifugation. 

The urine sample was passed through a 
column of Dowex 50 (H*), 5.5 em. in diam- 
eter and 11.0 em. long, followed by 11.0 
liters of 0.5 N HCl and then by 50.0 liters 
of water. Price and Dodge ** showed that 
this large volume of water removed certain 
quinoline compounds from Dowex 50 (H*). 
The column then was washed with 2.8 liters 
of 1.0 N, 2.4 N, and 5.0 N HCl. The last 
fraction contained kynurenin and 3-hy- 
droxykynurenin.** The 5.0 N HCl fraction 
was vacuum-distilled to dryness at 25 te 
32 C. under nitrogen and a dark brown resi- 
due was obtained. When this residue was 
dissolved in water and a small aliquot was 
mixed with 1 ec. of 0.5 per cent NaNO» 
solution in HCl, a strong yellow color de- 
veloped, which indicated the presence of an 
o-aminophenol.® 

Paper Chromatographic Investigation.— 
The 5.0 N column fraction obtained as de- 
scribed was examined by ascending paper 
chromatography, using Whatman No. 1 cr 
No. 3 MM paper. The solvent systems used 
were: methanol, butanol, benzene, and 
water (2:1:1:1), as described by Mason 
and Berg,” containing 1 ml. of glacial acetic 
acid per 100 ml. of the solvent; 6 per cent 
sodium acetate containing 1 per cent glacial 
acetic acid; and the organic phase from a 
freshly prepared mixture of butanol, acetic 
acid, and water (4:1:5).*8 

The ratio of the distance of migration of 
the compound responsible for the color re- 
actions or ultraviolet fluorescence to the 
distance traveled by the solvent from the 
point of application of the sample (Rr 
value) was determined at room tempera- 
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ture, and reference standards were run si- 
multaneously on each chromatogram. Seven 
properties or reactions were used for the 
routine examination of the chromatograms. 
These included (1) fluorescence under 
ultraviolet illumination, (2) ninhydrin re- 
action, (3) Ehrlich’s reaction, (4) Ekman’s 
reaction, (5) Pauly’s reaction, (6) reaction 
with N,2,6-trichloroquinoneimine in etha- 
nol followed by dilute sodium tetraborate, 
and (7) ammoniaeal silver nitrate re- 
action.!® 11.15.17 Kynurenin gives a positive 
reaction with Ehrlich’s reagent, Ekman’s 
reagent, ninhydrin, and ammoniacal silver 
nitrate, while 3-hydroxykynurenin gives 
color reaction with all these reagents. The 
use of a wide variety of reagents gives more 
reliable identification of the spots and aids 
in the detection of contaminating chemicals. 

The reactions of spots encountered on pa- 
per chromatograms of the 5 N HCl fraction 
of the Dowex 50 columns are summarized 
(table 1). Spots C and D, identified as 
kynurenin and 3-hydroxykynurenin, were 
eluted from the paper chromatograms with 
0.1 N HCl, and the dilute HCl was removed 
at room temperature over calcium chloride 
and sodium hydroxide in a vacuum desic- 
eator. These substances were then rechro- 
matographed on paper with the sodium 
acetate and acetic acid solvent system. The 
kynurenin and 3-hydroxykynurenin spots 
showed Ry values and color reactions simi- 
lar to the authentic substances. The kynu- 
renin and 3-hydroxykynurenin again were 
eluted from the papers with 0.1 N HCl, 
taken to dryness as before, and applied to 
Whatman No. 1 filter paper. The chromato- 
grams were developed in the butanol, acetic 
acid, and water solvent. 


Spectroscopic Investigation —Kynurenin 
and 3-hydroxykynurenin were eluted from 
the chromatograms with 70 per cent metha- 
nol. After evaporation of the methanol, 
their spectra were determined between 230 
and 440 my in 0.1 M phosphate buffers at 
pH’s of 2.0, 7.4, and 12.0, using a Beckman 
model DU spectrophotometer. The kynu- 
renin fraction in these buffers showed spec- 
tra almost identical to those of authentie 
kynurenin. 

Although 3-hydroxykynurenin from cow 
urine seemed pure on paper chromatograms 
developed in three solvent systems, some 
substance interfered with the spectral read- 
ings at the longer wave lengths. 

Colorimetric Investigation.—Aliquots of 
kynurenin and of 3-hydroxykynurenin 
eluted from paper chromatograms with 0.1 
N HCl were used for colorimetric investiga- 
tions. The method followed in this study 
was that described by Brown and Price? 
and Brown,® with the omission of the step 
which involved treatment of the fraction 
with 9.0 N NaOH. Standard tubes (10 ug. 
of kynurenin and 20 yg. of 3-hydroxykynu- 
renin/tube) were prepared under the same 
conditions. The optical densities of these 
derivatives of kynurenin and 3-hydroxy- 
kynurenin were measured in the Beckman 
spectrophotometer. 

Kynurenin isolated from cow urine and 
the authentic compound showed maximum 
absorption at 550 mp. The maximum read- 
ings with both the isolated and the authen- 
tie 3-hydroxykynurenin were obtained at 
410 mp.®7 

Enzyme Study.—Kynurenin transami- 
nase, an enzyme from Neurospora crassa or 


TABLE 1—Summary of Color Reactions Obtained after Ascending Chromatography * 


Fluorescence 


Color reactions 


Ammonical 


Mean under ultra- Ehrlich’s Ekman’s Pauly’s TCQ? silver 
Spots Rr violet light Ninhydrin reagent reagent reagent reagent nitrate Identity 
green pink with brown 
delay 
pink with brown gray 
delay 
( 0.45 Green Brown- Orange- Yellow, Red- Dark  Brown- 3-Hydroxy- 
purple pink with later brown gray black kynurenin 
delay brown 
D 0.52 Strong Purple Orange Red-brown 1L-Kynurenin 
pale blue immedi- with 
ately delay 
green 


* On Whatman No. 1 paper in Mason and Berg's solvent containing 1 per cent acetic acid (time: 16 hr.). 


+ N,2,6-trichloroquinoneimine in ethanol, followed by sodium borate buffer, pH 9.0. 
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from rat liver and kidney homogenates, has 
been shown to transaminate kynurenin and 
3-hydroxykynurenin to kynurenie acid and 
xanthurenie acid, respectively. A variety of 
alpha-ketoacids act as amino group accep- 
tors; pyridoxal phosphate is essential for 
the enzyme 

Kynurenin and 3-hydroxykynurenin iso- 
lated from cow urine were subjected to the 
kynurenin transaminase system of washed 
rat liver mitochondria, as described by De 
Castro et al.'* The incubation medium con- 
sisted of concentrated eluates of kynurenin 
and 3-hydroxykynurenin from paper chro- 
matograms in water, 0.5 ml.; pyriodoxal 
phosphate, 80.0 yg.; alpha-ketoglutarate, 
60.0 nM; 0.05 M potassium phosphate buf- 
fer, pH 7.4; mitochondria from 1 Gm. of 
rat liver, 1.0 ml. At the same time, 5.0 »M 
of known kynurenin and about 4.5 pM of 
3-hydroxykynurenin also were incubated 
under the same conditions. A blank which 
contained all materials but kynurenin and 
3-hydroxykynurenin served as a control. 
All flasks were made to a final volume of 2.0 
ml. with water. Incubations were carried 
out in stoppered 25.0-ml. Erlenmeyer flasks 
which were shaken in a water bath at 37 C. 
After 180 minutes’ incubation, the ineuba- 
tion mixtures were deproteinized by dip- 
ping the flasks into boiling water for one 
minute. The supernatant fluids were kept 
frozen until used. Paper chromatograms 
prepared with these supernatant fluids 
were developed in Mason and Berg’s *® sol- 
vent containing 1.0 ml. of 15 N NH,OH per 
100.0 ml. of the solvent.?* The chromato- 
grams were examined under ultraviolet illu- 
mination and sprayed with Pauly’s reagent 
and 1.7 per cent 
followed by 5.0 per cent NaHCO ;.'*** 
Known kynurenic acid and xanthurenic 
acid were chromatographed simultaneously. 


The results are given (table 2). The 
kynurenin transaminase converted the kyn- 
urenin and 3-hydroxykynurenin isolated 
from cow urine into products which were 
indistinguishable from kynurenie acid and 
xanthurenic acid, respectively. Similar re- 
sults were obtained with the authentic sub- 
strates. It appears that the results obtained 
from paper chromatography and the spec- 
troscopic, colorimetric, and enzyme studies 
adequately establish the fact that dairy 
cows on normal rations excrete kynurenin 
and 3-hydroxykynurenin in the urine. 

Determination of Kynurenin and 3-Hy- 
droxykynurenin.—After it was established 
that cows excrete kynurenin and hydroxy- 
kynurenin, the amount of these tryptophan 
metabolites excreted in the urine was 
estimated. 

The methods used for the determination 
of kynurenin and 3-hydroxykynurenin in 
cow urine were essentially those described 
previously.** Duplicate 10-ml. aliquots of 
urine were placed in 50-ml. graduated cen- 
trifuge tubes, acidified by the addition of 
1 ml. of 4.0 N HCl, and diluted to 40 ml. 
with water. To one of the tubes, 200 yg. of 
kynurenin sulfate and 400 yg. of 3-hy- 
droxykynurenin were added for the deter- 
mination of the recoveries. The diluted sam- 
ples then were applied to 10-em. columns of 
Dowex 50 (H*) (0.9 em., inside diameter) 
and passed through at a flow rate of 20 to 
25 drops per minute. The samples were 
washed through the columns with two 20- 
ml. portions of 0.1 N HCl. The columns 
then were washed with 80 ml. of 0.5, 1.0, 
2.4, and 5.0 N HCl. The 5.0 N HCl frac- 
tion contained the kynurenin and 3-hy- 
droxykynurenin which were measured as 
described previously.® 

Since it was not practical to collect 24- 
hour urine samples from cows, the kynu- 


TABLE 2—Results of Paper Chromatography of Kynurenic Acid and Xanthurenic Acid 
Formed from L-Kynurenin and 3-Hydroxy-L-Kynurenin Isolated from Cow Urine and from 


Authentic Compounds after Incubation with 


Rat Liver Kynurenin Transaminase 


Isolated 
Reactions Hkyn Kyn 
Rr in Mason and Berg's 0.29 0.62 
ammonia solvent 
Ultraviolet Gray Yellow- 
fluorescence blue green 
Pauly’s reagent 


Substrates incubated 


Authentic Standard 
Hkyn Kyn XA KA 
0.29 0.62 0.32 0.62 
Gray- Yellow- Gray- Yellow- 
blue green blue gre n 


Hkyn = 3-hydroxy-L-kynurenin; Kyn = L-kynurenin; XA = xanthurenic acid; KA = kynurenic acid. 
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renin and 3-hydroxykynurenin content of 
the urine samples was expressed as milli- 
grams per gram of creatinine. The 24-hour 
urine volume of dairy cows ranges from 
about 9 to 23 liters,!® with a creatinine con- 
tent of about 1.1 Gm. (0.4 to 1.92 Gm.) per 
liter.27 The creatinine was determined as 
described by Peters.** 

The excretion of kynurenin, 3-hydroxy- 
kynurenin, and creatinine by 4 dairy cows 
has been recorded (table 3). The kynurenin 
excretion ranged from 7.5 to 19.5 mg. per 
gram of creatinine, and the excretion of 
3-hydroxykynurenin ranged from 6.9 to 
29.4 mg. per gram of creatinine. 

After the quantitative determination of 
the kynurenin and 3-hydroxykynurenin 
content of the 5 N HCl fraction from the 
Dowex 50 columns, 70 ml. of the remaining 
fraction was evaporated to dryness in vacuo 
over calcium chloride and sodium hydrox- 
ide. The residue was dissolved in 50 per 
cent ethanol and applied as a band on 
Whatman No. 1 filter paper. After devel- 
opment with the solvent system of Mason 
and Berg *° containing acetic acid, the chro- 
matograms were examined by the proce- 
dures summarized (table 1). Kynurenin 
and 3-hydroxykynurenin were detected 
readily, but there were no bands to indicate 
other aromatic amines or aminophenols. 

The results of these experiments were re- 
garded as satisfactory evidence for the va- 
lidity of the ion-exchange chromatographic 
method of quantitative analysis. 


Discussion 


Previous studies from these laboratories 
have shown that kynurenin and kynurenic 
acid were significant urinary metabolites 
of tryptophan in the dog, the rat, and man.* 
However, cats excreted little if any kynu- 


renin in the urine.’ It has been shown that 
human beings given isoniazid and rats on 
a low pyridoxine ration excreted 3-hydroxy- 
kynurenin as the chief metabolite after the 
administration of tryptophan.*1! The 3- 
hydroxykynurenin has been shown to be 
excreted in large amounts by patients with 
severe tuberculosis,”* by a large proportion 
of patients with fevers of varying cause,'* 
by patients with leukemia,?*:?® with dia- 
betes,22 and with scleroderma (acrosclero- 
sis).47 Human beings with no known 
disease, as well as tuberculous patients 
given the pyridoxine antagonists, isoniazid, 
or deoxypyridoxine, excreted more 3-hy- 
droxykynurenin in the urine than kynu- 
renin.**:°6 The quantitative studies on pa- 
tients with scleroderma, however, revealed 
that kynurenin was excreted in larger quan- 
tities than 3-hydroxykynurenin after the 
ingestion of supplements of L-tryptophan.** 

The occurrence of kynurenin and 3-hy- 
droxykynurenin in the urine of the cow has 
not been demonstrated previously. The ex- 
cretion of kynurenin and 3-hydroxykynu- 
renin by the cow apparently is somewhat 
greater than that of man, in terms of the 
creatinine content in the urine. Thus, the 
daily output of cow urine ranges from about 
9 to 23 liters,1® with creatinine values of 
about 1.1 Gm. per liter,27 as compared with 
0.172 to 0.975 Gm. per liter (average 0.602) 
found in our study. The daily excretion of 
creatinine by normal adult human beings 
ranged between 1.0 and 1.8 Gm.'® The range 
of values of excretion of kynurenin and 3- 
hydroxykynurenin for cows (expressed as 
mg./Gm. of creatinine) was 7.5 to 19.5 and 
6.9 to 29.4, respectively. Human beings 
excreted 2.0 to 3.0 mg. of kynurenin and 1.0 
to 6.0 mg. of 3-hydroxykynurenin daily.>* 
Thus, on the basis of the total daily excre- 


TABLE 3—Excretion of Creatinine, Kynurenin, and 3-Hydroxykynurenin in Urine of 


Dairy Cows 
Kynurenin 3-Hydroxykynurenin 
Milligrams Percentage Milligrams Percentage 
Cow No. Creatinine per gram recovery from per gram recovery from 
and breed (Gm./liter) creatinine* column creatinine* column 
77 0.957 7.5 80 9.2 118 
Guernsey 
130 0.172 19.5 88 21.5 120 
Guernsey 
111 0.952 9.7 86 6.9 111 
Guernsey 
600 0.327 9.8 89 29.4 108 
Holstein- 
Friesian 
Average 0.602 11.6 86 16.8 114 


* The values were corrected for column recoveries of standards added to the urine. 
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tion or expressed per gram of creatinine, 
the dairy cows excreted more kynurenin and 
3-hydroxykynurenin than human beings. 

The high levels of kynurenin and 3-hy- 
droxykynurenin found in bovine urine were 
of more interest in the light of the high 
incidence of bladder cancer in this spe- 
cies 9°82 in certain districts. Previous 
studies from these laboratories emphasized 
that the dog, the rat, and man excreted 
relatively large amounts of kynurenin and 
3-hydroxykynurenin and that all these spe- 
cies develop spontaneous bladder cancer, 
while the cat, which rarely if ever develops 
bladder cancer, was found to excrete quan- 
tities of these compounds which were below 
detectable levels.*? The correlations, together 
with the apparent relationship of trypto- 
phan metabolism to the induction of bladder 
cancer in rats with 2-acetylaminofluorene 
and the relatively large excretion of kyn- 
urenin, kynurenie acid, acetylkynurenin,® 
anthranilic acid, 3-hydroxyanthranilic acid, 
and 3-hydroxykynurenin ° after the inges- 
tion of tryptophan by patients with bladder 
cancer, suggest the possibility that some of 
these metabolites of tryptophan may be of 
causal significance in mammalian bladder 
eancer. The recent report that bladder 
tumors were obtained in mice when 3-hy- 
droxykynurenin, 3-hydroxyanthranilic acid, 
and 2-amino-3-hydroxyacetophenone were 
implanted in the bladders of mice provides 
additional support for this hypothesis.1* 
The extremely low level of tryptophan me- 
tabolites found in cat urine* might partly 
explain the apparent rarity of urinary blad- 
der cancer in this species.” 


SUMMARY 


1) The occurrence of t-kynurenin and 
3-hydroxy-L-kynurenin has been demon- 
strated for the first time in the urine of 
dairy cows. 


2) Dairy cows on normal rations ex- 
ereted 7.5 to 19.5 mg. of t-kynurenin and 
6.9 to 29.4 mg. of 3-hydroxykynurenin per 
gram of creatinine. 

3) The possible relationship between 
bladder cancer and the urinary metabolites 
of tryptophan was discussed. 
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Observations on the Penile Development of the Angora Goat 


WARD R. RICHTER, D.V.M. 


Army Chemical Center, Maryland 


VARIATIONS in the development of the penis 
and its relation to the prepuce have been 
observed during the course of routine post- 
mortem examinations of adult male goats. 
Nonseparation of the surface epithelium of 
the glans penis from the epithelium of the 
surrounding prepuce and an underdevelop- 
ment of the penis are found in most cas- 
trated males. 

Similar variations have been observed by 
others in bovine penile development. Getty? 
states that the penis is not free in the pre- 
puce in the young bovine male and that the 
separation, allowing for protrusion of the 
penis, occurs at or near the age of puberty. 
He further states that no detailed studies 
have been made on the effect of castration 
when performed before puberty, and of its 
relationship to the maintenance of the fu- 
sion of these layers in later life. Benbrook! 
has observed a lack of separation of the two 
surfaces in an immature male deer. Marsh 
and Safford* report changes in the diameter 
of the urethral lumen of males calves as af- 
fected by their age at the time of castration. 


MATERIALS AND METHODS 


This report deals with general observations on 
the development of the goat penis, as seen during 
the postmortem examination of 400 white Angora 
goats. Detailed measurements of the penis in 24 
goats are ineluded. This series comprises 8 normal 
males, 13 eastrated males, and 3 males with one 
testis retained intra-abdominally and the other 
surgically removed. The detailed measurements 
are selected from random necropsies and are be- 
lieved to be representative. The penises from sev- 
eral goats were fixed in formalin, sectioned trans- 
versely, and then examined microscopically to 
determine the extent of the stratified squamous 
epithelium. Single sections from the fused region 
of the penises of numerous other goats were also 
examined, 

The animals used in our laboratory were adult 
Angora goats, most of which are believed to have 
been castrated at an early age.® They were used 
for the production of mohair and we received them 
after they were mature and no longer satisfactory 

From the Biophysics Division, Chemical Warfare Lab- 
oratories, Army Chemical Center, Md. Dr. Richter is 
presently with the Department of Pathology, lowa State 
College, Ames. 

The author thanks Dr. F. W. Light of the Biophysics 
Division for his assistance in preparing this manuscript. 


for the production of a quality product. The age 
of the animals was judged by the stage of den- 
tition and, with few exceptions, all had a full set 
of permanent incisors, indicating that their age 
was 4% years or more. We assumed that most of 
these animals were castrated before puberty, al- 
though the penile development suggested that a 
few animals may have been castrated near or after 
the time they achieved sexual maturity. 


OBSERVATIONS AND DISCUSSION 


A few of our experimental animals were 
normal adult males. The structure of the 
penis in these animals resembled that de- 
seribed for the ram by Sisson and Gross- 
man.* Approximately 4.0 em. of the ante- 
rior tip of the penis was free of the prepuce 
and the galea glandis or tip wes 1.5 to 
2.0 em. long. The urethral process left the 
body of the penis 1.0 em. from the tip, 
extending over the surface of the galea 
glandis to project 1.0 to 1.5 em. beyond the 
tip of the penis. The urethral process itself 
was 2.0 to 2.5 em. long. The diameter of 
the penis at the level of the preputial re- 
flection was 1.0 to 1.4 em., which was close 
to the maximum diameter of the penis 
throughout its length from tip to sigmoid 
flexure. The length of the preputial cavity 
varied from 9.0 to 14.0 em. 

In a few of the castrated males, there 
was a similar separation of the prepuce 
and penis; the penis was 0.8 to 1.0 em. in 
diameter, indicating that these animals 
may have been castrated at a time closer to 
sexual maturity than the average goat. The 
majority of the castrated males had small 
penises, little or none of which was free in 
the preputial cavity. The usual castrated 
goat had only 1.0 to 2.0 mm. of the galea 
glandis free, as compared to 3.0 to 4.0 em. 
of free penis in uneastrated animals. The 
separation often extended for 1.0 to 2.0 mm. 
farther posterior on the ventral surface of 
the penis than on the dorsum. In some 
cases, the entire urethral process was also 
fused to the preputial surface. Separation 
of the two structures was difficult, giving 
the impression that the union might be 
connective tissue in nature. 

It might first be suspected that this lack 
of separation of the two epithelial surfaces 
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was the result of an inflammatory reaction 
with subsequent formation of connective 
tissue adhesions; however, microscopic ex- 
amination revealed no evidence of acute or 


chronic inflammation and no connective 
tissue proliferation. There was a solid zone 


May, 1959 


Fig. 1—Part of the ring 
of epithelium encircling 
the penis, 6 mm. posterior 
to the tip of the glans 
(animal G1340). Penile 
tissue is below the epithe- 
lium and preputial tissue 
is above. H & E stain; 
x 50. 


or ring of epithelium encircling the penis 
which appeared capable of separation into 
two opposing layers of stratified squamous 
epithelium (fig. 1). Basal cells were found 
at the outer and inner borders of the ring 
of epithelium (fig. 2,3). 


Fig. 2—A higher magni- 
fication of the band of 
epithelium seen in figure 
1. H & E stain; x 144. 
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Fig. 3—A higher magni- 
fication of the epithelium 
shown in figure 1, taken 
at another point along the 
band encircling the penis. 
Notice the two opposing 
layers of basal cells. & 
E stain; x 650. 


The cells were flatter and more com- potential layers of stratified squamous epi- 
pressed in the center of the band, just as thelium, and thus there were no exposed 
cells near the surface of typical stratified surfaces covered by completely flattened or 
squamous epithelium are flattened. In these cornified cells. The central part of the band 
cases, there was no separation of the two was a solid mass of slightly flattened cells, 


TABLE 1—Measurements (in cm.) of the Penises of Goats 


Length of penis, Length of 

tip to first curve Length of Diameter preputial 
Goat No. Sex of sigmoid flexure free penis of penis cavity 
G1105 Castrated male 0.0 
G1222 Castrated male 17.0 3.0 0.8 11.0 
G1228 Castrated male 16.0 0.3 0.6 8.0 
G1231 Castrated male 20.0 4.0 1.0 10.0 
G1234 Castrated male 18.0 0.6 0.6 8.0 
G1244 Castrated male 18.0 0.6 0.6 8.5 
G1266 Castrated male 16.0 0.0 | ee 
G1330 Castrated male 21.0 3.0 0.8 13.5 
G1349 Castrated male 15.5 0.0 0.6 7.5 

range 15.5-21.0 0.0-4.0 0.5—1.0 7.5-13.5 
G1329 Male 21.0 3.5 1.2 13.0 
G1240 Male 19.0 4.0 1.2 13.5 
G1250 Male 19.3 8.7 1.1 9.7 
G1334 Male 19.0 4.0 1.3 13.7 
G1353 Male 17.0 3.5 A 10.0 
G1355 Male 18.0 3.0 1.2 9.0 
G1375 Male 21.0 4.0 1.2 12.0 
G1376 Male 19.0 4.0 1.1 9.0 

range 17.0-—21.0 3.0—4.0 1.1-1.3 9.0-13.7 
G1242 Male, cryptorchid 20.0 3.0 0.8 10.0 
G1327 Male, cryptorchid 21.0 4.0 1.2 13.0 
G1221 Male, cryptorchid 21.0 4.0 0.8 10.0 


range 20.0-21.0 3.0—4.0 0.8-1.2 10.0-13.0 
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with no hint of cornification or separation. 


In areas near where the two layers did 
separate, a few tiny slit-like spaces existed 
in the epithelium. Cells lining the slits were 
flatter and some of them were cornified. 
The larger spaces, located nearer to the 
reflection of the prepuce, were filled with 
sloughed cornified squamous cells. The 
ring of epithelium extended for 3 to 4 em. 
posterior to the tip of the penis in all cases 
without regard for the extent of the sepa- 
ration, and the anterior 3 to 4 em. of the 
penis was always surrounded by a layer of 
epithelium, whether free or fused. Pos- 
terior to the limits of the epithelium, the 
penis was surrounded by loose connective 
tissue of the subcutis. 

Measurements on the extent of separa- 
tion of the penis from the prepuce and 
the development of the penis are presented 
(table 1). Most of the castrated goats had 
only a short tip of free penis, although a 
few were no different from normal males 
in this respect. These measurements would 
be more significant if dates of castration 
were available. 

The penile development of 3 goats with 


intra-abdominal testes was the same as that 
of normal males. 


SUMMARY 


In the course of 400 routine necropsies, 
it was observed that there was a failure of 
separation of the epithelial surfaces of the 
penis and prepuce in the majority of cas- 
trated goats, while the penis was free for 
approximately 4 cm. in normal, uncastrated 
males. 

Upon microscopic examination, it was 
found that the two layers of stratified squa- 
mous epithelium which cover the penis and 
line the preputial cavity of the castrated 
male were not separated but formed a solid 
band of epithelium with two opposing basal 
layers. 
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Scientific Notes 


Microcard Reprints of Research Journal 


Microcard reprints of volumes 1 to 17 of the 
American Journal of Veterinary Research are cur- 
rently available from J. 8. Canner and Company, 
Ine., Library Booksellers, 618 Parker St., Boston 20, 
Mass. These volumes encompass the years 1940- 
1956, and sell for $67.50 

Virtually any of the various machines designed 
for microcard print will serve for reading. How- 
ever, the microecard reader which has been specifi- 
eally designed for reading microecards is recom- 
mended. This particular model ranges from pocket 
size to the conventional one that rests on a table 
but is portable enough to be easily carried. 

Further information regarding these readers may 
be obtained from J. 8S. Canner and Company. 


Charter Meeting of Laboratory 
Animal Breeders Association 


The charter meeting of the Laboratory Animal 
Breeders Association was held in Chicago on Dee. 2, 
1958. The membership, now 56, includes most of 
the large organizations in the country and many 
producers who operate on a smaller scale. 

In the next few years, the L.A.B.A. hopes it will 
be able to sponsor and participate in a program 
for accrediting the facilities of laboratory animal 
breeders. 

Since there is a need for expansion of know- 
ledge in the field of laboratory animal husbandry, 
a Committee on Research has been established to 
consider problems dealing with the husbandry 
phase of the industry. 

To establish liaison with those in other phases 
of the industry, primarily the users, an editorial 
and publicity committee was formed to acquaint 
other branches of the industry with the organiza- 
tion and its activities. The Advisory Committee 
consists of men who are nationally known and 
whose principal interests are in the field of biologi- 
eal investigation. These persons are not members 
of L.A.B.A. but function as a scientific liaison with 
the organization. 

Guest speakers at the first meeting were Dr. L. R. 
Christensen, New York University; Mr. Berton F. 
Hill, Institute of Laboratory Animal Resources; 
and Dr. W. T. S. Thorp, University of Minnesota. 


Meetings 


@ e e International Veterinary Congress. Six- 
teenth session. Madrid, Spain, May 21-27, 1959. 
Prof. Pedro Carda A., general secretary, Calle 
Villanueva 11, Madrid. 

U. 8S. COMMITTEE: Dr. W. A. Hagan, ehair- 
man, New York State Veterinary College, Ithaca, 


N. Y.; Dr. J. G. Hardenbergh, secretary, 600 8. 
Michigan Ave., Chieago 5, Il. 

e@ @ e Third World Congress on Fertility and 
Sterility, Amsterdam, Holland, June 7-13, 1959. 
Dr. L. I. Swabb, Sint Agnietenstraat 4, Amster- 
dam, Holland, honorary secretary. 

@ e e Ninety-Sixth Annual Meeting, American 
Veterinary Medical Association, and Third Pan 
American Congress of Veterinary Medicine, Joint 
meeting. Kansas City, Mo., Aug. 23-27, 1959. H. E. 
Kingman, Jr., executive-secretary, AVMA, 600 S. 
Michigan Ave., Chicago 5, Ill. B. D. Blood, secretary- 
general. Directing Council, Pan American Congress 
of Veterinary Medicine, P. O. Box 99, Azul, 
F.C.N.G.R., Argentina, S.A. 


Research Tools 
Further information on these products may be 
obtained by writing to: Research Tools, American 


Veterinary Medical Association, 600 8. Michigan 
Ave., Chicago 4, Ill. 


Flame Photometer 


Diverse materials can be analyzed for precise 
determinations of sodium, potassium, and calcium 
with the Coleman Model 21 Flame Photometer, 
manufactured by Coleman Instruments, Ine. 

An atomizer-burner combines the fuel gas with 
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oxygen to form a stable, high-temperature flame; 
liquid samples are atomized into the base of this 
flame. The light energy radiated by the flame is 
measured by a direct-coupled, prealigned phototube 
photometer with a 115-volt AC line-operated 
amplifier. 

Optical filters isolate the radiation of the element 
under analysis. Filters offered with the instrument 
are adjusted for measurement of sodium, potas- 
sium, and calcium in blood plasma, serum, urine, 
and other solutions with similar concentrations of 
the element. Blank holders are available for filters 
adjusted for other solutions. 

Sample readings are obtained from the galvano- 
meter seale of the external reading instrument, 
which is connected through a plug-in eable. 


Bacteriological Incubator 


A new incubator for routine bacteriological pro- 
cedures in the veterinary practice is available from 
Norden Laboratories. 

The incubator is 1244 inches high, 12% inches 
wide, and 10% inches deep (inside measurements), 
and has two shelves. Heat source is a 40-watt light 


bulb. A heat baffle plate eliminates hot spots. The 
positive action double brass wafer thermostat has 
precision of 1 degree Centigrade. 

The incubator is constructed of heavy gauge 
sheet steel and has a removable steel bottom plate 
to facilitate cleaning. There is a back vent for 


circulation and a glass-windowed door with a posi- 
tive magnetic catch. 


Fraction Collecting Device 


For fraction collecting, the GME V15* Fraction- 
ator is available from Gilson Medical Electronics, 
This device eliminates drop counting by using the 
improved standard volumetric unit which provides 
a constant volume output per sample. 


When a collecting tube is filled with fluid, light 
from a fluorescent source is focused on an hermeti- 
eally sealed photocell by the cylindrical lens formed 
when the sample fills the collecting tube. Inter- 
changeable collecting tubes permit any volume from 
1 to 30 ce. to be collected. 

Fractions are collected directly, in boustrophe- 
donic order, in removable, rectangular test tube 
racks, eliminating test tube transfers. Three test 
tube racks are supplied; each rack holds five rows 
of 15 test tubes. Racks are available in stainless 
steel or aluminum and can be used for washing or 
storing test tubes. 
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US KEEP 
THE THINGS 
WORTH KEEPING 


N obody has to tell you 
why you want peace. You 
see it in your child’s eyes 
and hear it in her laughter. 

But simply wanting 
peace won’t keep it. You 
need to back your want- 
ing with money. Peace 
costs money. 

Money for strength to 
keep the peace. Money 
for science and education 
to help make peace last- 
ing. And money saved by 
individuals to help keep 
our economy strong. 

Your Savings Bonds, 
as a direct investment in 
your country, make you 
a Partner in strengthen- 
ing America’s Peace 
Power. 

Bonds you buy will 
earn money for you. But 
the most important thing 
they earn is peace. 

Think it over. Are you 
buying as many as you 
might? 


HELP STRENGTHEN AMERICA’S PEACE POWER 


BUY U.S. SAVINGS BONDS 


gone 
The U.S. Government does not pay for this advertising. The Treasury Department thanks ij aS 
The Advertising Council and this magazine for their patriotic donation. i a 
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new research facilities for 
PITMAN-MOORE COMPANY 


Division of Allied Labora tories, Inc. 


A $1,500, 000 building, completed early in 1959, enables 
Pitman-Moore Company to concentrate in one location all types of 


research contributing to the development of human and 
veterinary medical preparations. This new unit adds 41,000 square feet 


of space for laboratories, offices, and technical 
equipment in the company’s Research Center near Zionsville, Indiana. 


laboratories, ; Within this organization 

where im originated the policy: 


are produced. Veterinarians ONLY 


‘ PITMAN-MOORE COMPANY 
The Zionsville DIVISION OF 
laboratories, ALLIED LABORATORIES, ING. 
where INDIANAPOLIS 6, INDIANA 
biologicals 
are produced, 
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